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INCIDENCE OF DISEASE IN ONE THOUSAND 
INFANTS UNDER TWO YEARS OF AGE* 


ROBERT D. CURTIS, M.D. 
AND 
GERTRUDE TAYLOR 


BOSTON 


The importance of infant mortality statistics is now recognized in all 
parts of the civilized world. They play so important a part in every 
problem confronting the nation that voluminous books and reports have 
appeared analyzing mortality figures and suggesting methods of decreas- 
ing mortality. Very few, if any, comprehensive studies have been 
made of infant morbidity so far as we know, and yet this important 
field deserves investigation because death is nearly always preceded by 
disease. If accurate figures, from which to study the incidence of 
disease, were available and were recorded in such a way that the causes 
and influences which are responsible for illness could be analyzed, 
many factors of importance would undoubtedly come to light. 

Ashby * emphasizes the fact that “infant sickness not only leads to 
a deplorable waste of human life, but also sows the seeds of weakness, 
deformity and impaired vitality in those who survive to take their share 
in the duties of citizenship, and it contributes in no small degree to 
the physical degeneracy of the race, which we can see only too plainly 
taking place around us in the large cities.” 

Unfortunately, morbidity records are available only in a few institu- 
tions, and the fact that they are institutions precludes at the onset com- 
parisons and deductions which could be applied to the general public. 
We have taken the records of the Boston Baby Hygiene Association 
as representing a cross section of the poorer classes of the city of 
Boston who are living in their own homes. The records were kept by 
physicians running the health stations for well babies, and represent 
their observations. 

This study is based on 1,000 of these records, selected at random. 
They do not represent any particular years, but all of the infants had 
graduated from our care. None of these infants came under observation 
until 2 weeks of age. This was due to the fact that before that time 
they were under the care of the obstetrician. As a result, all the dis- 


* Received for publication, July 23, 1923. 
1. Ashby: Infant Mortality, Cambridge Public Health Series, 1915. 
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eases of the new-born infant have been eliminated from this series. 
These children lived under conditions obtaining in families in which 
welfare work is usually done. 

The record of each infant was abstracted and analyzed as far as 
possible with the material at hand. That the analysis is in some 
respects incomplete is due to the fact that the records were originally 
kept for the purpose of routine clinical work and were not designed 
as the basis of statistics. 

Of the 1,000 infants, fifty-one died. This mortality rate compares 
favorably with that of the city of Boston for the years 1916 to 1920 
inclusive, but does not represent the mortality of the Baby Hygiene 
Association for that period. The cause of death was unknown in 
seventeen instances. Sixteen of the remaining thirty-four infants died 
of pneumonia. Of the remaining eighteen cases, the cause of death 
was divided among the various diseases. It was surprising that 
diarrheal diseases did not play a greater part in the mortality of these 
children because it usually appears as a common cause of death, yet 
out of the 204 cases of diarrhea there were only four deaths. As 
would be expected, the death rate among the prematurely born was 
high. Of ten premature infants, three died. Of seven children who 


contracted diphtheria, three died. 


INCIDENCE OF DISEASE 


The relation of morbidity to mortality is of importance. Of the 465 


infants who had some disease, fifty-one died. The morbidity rate is 
about nine times as great as the mortality rate. 


Five hundred and thirty-five of the 1,000 infants were entirely free 


lisease during the time they were under observation. This varied 
twelve to twenty-four months. Of these 535 cases, 59 per cent., 

318, were entirely breast fed during the whole of their first year 
of life; while the majority of the remaining 40 per cent. were breast 
fed for at least six months. 

Of the infants that were bottle fed entirely, 36 per cent. had no dis- 
ease during the first year, while the remaining 64 per cent. had some 
disease. This shows conclusively that there is a much greater chance 
of illness in the bottle-fed than in the breast-fed infant. Since many 
uncontrollable factors also play a part in these results, we cannot go 
further on this evidence and conclude, as we should like to, that this 
proves that human milk contains substances which prevent disease. 

Great emphasis is laid on the seasonal influence on infant mor- 
tality. The morbidity of this group has consequently been plotted for 
the different months of the year. This is presented in Chart 1, which 
shows a great increase in the incidence of disease during the summer 
months, and whose curve is thus comparable to curves showing the 
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seasonal incidence of infant mortality. The great increase of disease 
during the summer months is largely due to the incidence of the diar- 
rheal diseases, 41 per cent. of the cases in July and 81 per cent. of the 
cases in August being due to diarrhea. The other two outstanding 
diseases which were prevalent to a lesser degree during the months of 
\ugust to December inclusive were measles and pneumonia. Unfortu- 
nately, it was impossible to obtain also a record of the incidence of 
head colds. Pertussis was present throughout the year. Pneumonia 
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Chart 1—Seasonal incidence of morbidity 


was most prevalent in January, February and March, in which 51 per 
cent. of the seventy-two cases occurred. Measles was most prevalent 

Seventy-seven per cent. of the 
sixty-five cases occurred during these months. 

Measles: Three of the fifty-two cases of measles were in infants 
younger than six months. Since the two types of measles were not 
differentiated in the records, it is possible that these three cases were 
rubella. There is considerable evidence for the belief that an infant 
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under 6 months never contracts measles. These figures at least indicate 
that there is little likelihood that measles will be contracted before the 
sixth month. 

Incidence Among Breast Fed and Bottle Fed.—lIt is a well known 
fact that the mortality of breast-fed infants is lower than that of 
bottle-fed infants. That the same difference is to be observed in their 
morbidity is indicated by the following figures: Five hundred and 
thirty-five infants, or 53.5 per cent., had no disease. Of these, 318, 
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Chart 2.—Morbidity in infants with (solid line) and without (broken line) 


brothers and sisters of school age. 
or 31.8 per cent., were entirely breast fed, and 266, or 26.6 per cent., 
only partly breast fed or entirely bottle fed. 

Of 465 cases, or 46.5 per cent., of all the infants that had any ill- 
ness of any sort, 212, or 45 per cent., were entirely bottle fed, and the 
remainder had received some breast milk during the first year. 

Incidence Among Those With and Without Brothers and Sisters of 
School Age—lIt has frequently been stated that older children in the 
family act as carriers of disease and probably raise the morbidity rate 
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of their infant brothers and sisters. Of the 465 infants who were ill, 
264, or 56.7 per cent., had no brothers or sisters of school age. 

Chart 2 represents the percentage distribution of the total number 
of cases of illness during the months of the year, contrasting infants 
having brothers and sisters of school age with those not having them. 

No certainly valid explanation of the excess of morbidity among 
infants without brothers and sisters of school age can be given from 
the data available. It is possible, however, that, in caring for the first 
baby, lack of experience on the part of the mother and lack of opportu- 
nity for receiving training are factors. On the other hand, data is not 
available to show the total number of adults in these families, and an 
unusually large family of adults may have meant a greater opportunity 
for the carrying of infection in some instances. 


CONCLUSIONS 


Infant morbidity shows a similar curve to that of infant mortality. 
Of each nine children of this group who contracted disease, one child 
died. The principal causes of death were pneumonia and diphtheria. 
The mortality due to diarrhea was relatively low, about 2 per cent. This 
is a marked improvement over the mortality figures of a decade earlier. 

A breast-fed infant is much less likely to contract disease than a 
bottle-fed infant. This, added to the greater likelihood of recovery 
f the infant does become ill, is an additional argument for maternal 


nursing. 





RECURRING CARDIAC INFECTIONS IN CHILDREN 
WITH CHRONIC VALVULAR DISEASE * 


FRED M. SMITH, M.D. 
AND 


CHARLES K. STULIK, M.D. 


CHICAGO 


During the last three years, eighty cases of chronic valvular disease 
in children have been followed in the cardiac clinic of the Central 
Free Dispensary of Rush Medical College. Twenty-one of these 
patients, who have had, on frequent occasions, a slight temperature, 
ranging from 99.2 to 100.4 F., have been carefully observed for recur- 
ring cardiac infections, and the rate of progress of their cardiac dis- 
ability has been compared with that of the remaining fifty-nine children. 
The twenty-one reported to the clinic, on the average, once every two 
weeks. The period of observation varied from four months to three 
years 

The ages of the twenty-one children ranged from 5 to 12 years. 
Eight had no particular complaint. They were requested to return to 
the clinic at frequent intervals because of the temperature findings. 
The remaining thirteen tired easily, and the majority had poor appetites. 
Seven complained of an occasional precordial pain. In two, the pain 
was so severe that it awakened them from their sleep. Eight of the 
thirteen were at some time during the period of observation short of 
breath on slight exertion. Three of these had attacks of cardiac 
failure 

In six instances, there was a history of rheumatic fever. Four 
others had indefinite pains in the legs. In two, these pains recurred 
during periods of fever. In another, the pain in the leg was 
first noticed after the child had been having slight temperature at fre- 
quent intervals for several weeks. Two had had chorea. In one, the 
chorea was associated with tender joints. Fifteen of the twenty-one 
had had the tonsils removed. Five of these gave a history of frequent 
sore throats before the operation. None of these children had had 
rheumatism. Five of the six who still had their tonsils had a cervical 
adenopathy. In four of these, the tonsils have since been removed. 


INCIDENCE OF RECURRING CARDIAC INFECTION 


Three children had complete heart block. In two, the auriculo- 
ventricular dissociation lasted only a few days and was associated with 


* Received for publication, Aug. 8, 1923. 
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indefinite pains in the legs. These children are now apparently in 
good health. The third child still has a delayed conduction over the 
auriculoventricular bundle. The conduction defect was first dis- 
covered about nine months ago. During this period, she has had a 
slight temperature most of the time. About three months ago, she com- 
plained of pains in her legs for the first time, and one knee was def- 
initely tender. She is pale and thin and has a poor appetite. The 
pulse rate has continually been rapid and the heart very irritable. The 
size of the heart has gradually increased. The apex impulse six 
months ago was about the nipple line. Now it is at the anterior 
axillary line. 

In four other children, the electrocardiograms showed a transient 
prolongation of the P-R interval. None of these patients was taking 
digitalis. In two, the electrocardiographic findings were the most sug- 
gestive evidence of a recurring carditis. The other two have large 


hearts. Each complained of frequent pain in the precordium. One 


had, for a few days, a to and fro murmur, which was thought to be 
a pericardial friction rub. Both had at one time a definite cardiac 
dilatation. One of these has rapidly improved during the last few 


months. He now has no complaints and looks well. 

Two other children had premature contractions during periods of 
temperature. In each instance, the irregularity disappeared after the 
temperature subsided. One later showed an increase in the size of the 
heart and in the intensity of the systolic apical murmur. 

In two children, the diastolic murmur of aortic regurgitation 
developed within the last few months. One of these was first seen 
about six months ago. He had a mild mitral regurgitation and was 
apparently in good general health. He returned to the clinic six weeks 
later with a rise in temperature. He reported thereafter at weekly 
intervals that we might check the temperature and cardiac findings. 
the fever persisted, and within a few weeks a faint diastolic murmur 
was heard to the left of the sternum in the third interspace. During the 
last two months, the murmur has markedly increased in intensity, and 
the apex impulse is now well outside the nipple line. 

In five other children, the cardiac damage has rapidly progressed 
during the last year. It is difficult to explain this rapid progression 
except on the basis of an active infection in the heart. One child was 
first seen seven months ago. According to the mother, the child had 
had a slight cardiac lesion for more than a year. At the time of the 
first examination, the apex impulse was about the nipple line and a soft 
systolic murmur was heard at the apex. Now the left border of the 
cardiac dulness is well outside the anterior axillary line. There is a to 
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and fro murmur at the apex and a gallop rhythm. This child has had 
fever most of the time. She has been hospitalized twice for periods 
of two and three weeks. On each occasion, the temperature subsided 
after three or four days of absolute rest. On the return to the clinic, 
however, fever was again noted. 

The determination of an active cardiac infection in a child with 
chronic valvular disease may be very difficult. Recurring periods of 
slight temperature which cannot be explained on the basis of an ordi- 
nary acute infection, especially when associated with a rapid pulse and 
an irritable heart, should arouse suspicion. The child may make no 
complaint, and the rise in temperature may be discovered accidentally. 
There may be no changes in the character of the murmurs resulting 
from previously damaged valves. The heart may be large and there 
may be slight degrees of dilatation difficult to detect. It may be weeks 
before more definite manifestations, such as a new murmur, a peri- 
cardial rub or demonstrable cardiac dilatation, appear. The electro- 
cardiograph frequently enables us to make a diagnosis earlier in the 
course of the infection. Seven of our patients showed conduction 
defects of the auriculoventricular bundle before other definite evidence 
of cardiac infection could be demonstrated. In two children, the 
transient auriculoventricular dissociation was the only definite manifes- 
tation of further damage to the heart. It is not unlikely that even more 
transient conduction defects would have been discovered had more 
frequent electrocardiograms been taken early in the course of our 
observations. 

In this connection, it may be added that in 1920 Eyster and Middle- 
ton? reviewed the literature on heart block in children and found that 
twenty cases had been reported. In nine of these, a congenital lesion 
was probably responsible for the conduction defect. No doubt as 
instruments of precision become more generally employed, the inci- 
dence of transient heart block in children will be found to be much 
greater than is indicated by the literature. 

It is well known that individuals with chronic valvular disease may 
have recurring cardiac infections. The importance of these recurring 
infections in the progression of cardiac disease is apparently not gen- 
erally appreciated. In our eighty patients, the incidence of exten- 
sively damaged hearts and the rate of the progression of the cardiac 
disease was far greater in the twenty-one with recurring infections. 
Two have died from cardiac failure during the last six months. 
Another is in the hospital and is not expected to recover. In seven 
others, the cardiac disease is of the rapidly progressive type, and the 


1. Eyster, J. A. E., and Middleton, W. S.: Auriculoventricular Heart 
Block in Children, Am. J. Dis. Child. 19:13 (Feb.) 1920. 
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patients now become short of breath on slight exertion. Among the 
remaining fifty-nine, on the other hand, there are, to our knowledge, 
no children with symptoms of cardiac failure. Twelve of these had 
fairly extensively damaged hearts. They were, however, in this condi- 
tion when first seen in the clinic and the condition has apparently not 
progressed to any great extent. These children have been free from 
fever except that which could be attributed to an occasional cold. 
Forty-seven of the fifty-nine have a minor or a moderate cardiac dis- 
ability. The majority of them were in splendid physical condition 
when last seen. 

One of the difficult problems of the physician in the management 
of a child with chronic valvular disease is in preventing the lesion from 
progressing. Rheumatic fever frequently recurs and the heart is 
subjected to further infection. In some instances, the rheumatism may 
return in such an insidious form that it is overlooked by the parents, 
and yet the heart is seriously damaged. No doubt a great deal can be 
accomplished by educating the public. They should know that a recur- 
rence of the rheumatism may mean a reinfection of the heart. They 
should be taught that what is ordinarily known as growing pains is 
often rheumatism. Instruction as to diet, fresh air, sunshine and 
proper clothing is very necessary in many instances. The importance 
of consulting the physician whenever there is doubt as to the condi- 
tion of the child should be emphasized. Infections would in most 
instances be recognized earlier, and the child would be given proper 
treatment at a time when it was most beneficial. Even though the 
child with chronic valvular disease is apparently in good health, the 
condition should occasionally be checked by the physician. 

The prevention of further infections by the removal of adenoids 
and diseased tonsils, and the extraction of infected teeth is very impor- 
tant. It is generally known that tonsillitis may precede the onset of an 
attack of rheumatic fever. St. Lawrence? has, in a carefully conducted 
investigation, shown that the incidence of the recurrence of rheumatism 
is much less in those children in whom the tonsils were carefully 
removed. In our patients, those in whom the cardiac disease was most 
progressive had definitely infected tonsils with cervical adenopathy. 
Poynton ® has called attention to the frequent occurrence of cervical 
adenopathy in children with rapidly progressive rheumatic carditis and 
believes that, in these instances, the tonsils undoubtedly contributed 
to the infection. 


2. St. Lawrence, William: Effect of Tonsillectomy on Recurrence of Acute 
Rheumatic Fever and Chorea, J. A. M. A. 75:1035 (Oct. 16) 1920. 

3. Poynton, F. J.: Cardiac Infections in Childhood, Brit. M. J. 1:249 
(March 2) 1918. 
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The treatment of cardiac infections would be improved by the 
establishing of convalescent homes. The infection may persist for 
months, and no doubt the rest period is frequently not sufficiently 
extended. This is often not possible in the hospital where room has to 
be reserved for the more acutely ill patients. Furthermore, the care- 
fully supervised regulation from the standpoint of rest is impossible 
in the home of the patients who visit the outpatient clinics. The con- 
valescent home would thus bridge over one of the greatest defects in 
the present treatment of cardiac infections and would no doubt 


lecrease the incidence of severely damaged hearts in children. 


SUM MARY 


1. Eighty children were followed during the last three years. 
Twenty-one (26 per cent.) had frequent periods of slight fever rang- 
from 99.2 to 100.4 F. In sixteen of these, the diagnosis of an active 


ing 
cardiac infection was made. In seven instances, the diagnosis was 
based on the finding of a conduction defect of the auriculoventricular 
bundle. Two had premature contractions during periods of fever, one 


of whom later had definite cardiac dilatation. In the remaining seven, 


1 


the conclusions concerning the presence of a cardiac infection were 


based on definite changes in the physical findings of the heart, such : 


1S 
the appearance of a new murmur, a pericardial rub or demonstrable 
cardiac dilatation. 

2. The rate of progression of the cardiac disease was much more 
rapid and the incidence of severely damaged hearts far greater in the 
twenty-one children with recurring periods of temperature than in the 
remaining fifty-nine. 

3. The diagnosis of active cardiac infection in children with chronic 
valvular disease may be difficult, and several weeks may elapse before 

finite manifestations appear. The electrocardiograph may enable us 
to make a diagnosis earlier in the course of the infection. 

4. It was pointed out that one of the difficult problems of the 
physician in the treatment of children with chronic valvular disease is 
preventing the condition from progressing. It was suggested that the 
difficulty might in a measure be overcome by the education of the 
public, the early elimination of all possible oral and nasopharyngeal 


infections and the establishing of convalescent homes. 





HYDROCHLORIC ACID MILK IN INFANT FEEDING * 


HAROLD kK. FABER, M.D. 


SAN FRANCISCO 


During the first year, the average normal infant exhibits, at the 
height of digestion, a range of gastric acidity (Kronenberg,’ Marriott * ) 
that lies between pu 3.5 and 5.0. Between this and the range of acidity 
required for the action of the gastric enzymes, as determined in vitro, 


there is an interesting relationship, of much significance in the physi- 


logy of infant digestion. Chart 1 presents graphically the facts 
liscussed in a previous communication.* Rennet, acting best between 
6.3 and 6.0, curdles milk soon after ingestion, before the height of 
stric acidity has been attained. Chymosin (van Dam), an enzyme 
feeble proteolytic powers, about which little is known, acts best 
fy 5.0. Gastric lipase and invertase (the latter studied, however, 
m yeast) are half active at about py 6.0, and fully active between 
4.5 and 4.0. Pepsin requires a much higher acidity, beginning to 
t at pu 5.0, and developing half activity at about py 4.0 and full 
tivity only at py 2.3, a point rarely if ever reached in the infant's 
mach. It is clear that the stomach cannot perform its task in the 
restive process without producing enough hydrochloric acid to raise 
level of acidity to a point where the various enzymes will be activated 
Vhile this point varies for the different enzymes, we may for practical 
rposes assume a threshold of about py 5.0 as that which the gastric 
ility must reach before any of them, excepting rennet, becomes use- 
illy active. Milk, the chief food of infancy, offers a marked resistance 
this necessary change in reaction because of its content of buffer 
stances,* which is particularly high in the case of cow’s milk. To 
10 c.c. of human milk, the equivalent of from 15 to 20 c.c. of tenth 
rmal acid must be added before the threshold acidity of py 5.0 is 
ached, while to the same quantity of cow’s milk, from 50 to 60 c.c. 
ist be added (Chart 2). 


* Received for publication, Aug. 14, 1923. 

* Read before the American Pediatric Society, May 31, 1923. 

*From the Division of Pediatrics, Stanford University Medical School. 

1. Kronenberg, R.: Aciditat und Pepsinverdauung im Sauglingsmagen, 
ahrb. f. Klinderh. 82:401 (Nov.) 1915. 

2. Marriott, W. McK.; Davidson, L. T., and Harshman, L. P.: Studies 
on the Digestion in Infancy. I. Hydrogen-Ion Concentration of the Gastric 
Contents, Tr. Am. Pediat. Soc. 34:39, 1922. 

3. Faber, H. K., and Hadden, F.: The Influence of the Hydrogen-Ion Con- 
centration and Buffer Value of Foods on Digestion, with Special Reference to 
Infancy, M. Clinics N. America 6:245 (Sept.) 1922. 

4. Clark, W. M.: The Reaction of Cow’s Milk Modified for Infant Feeding, 
|. M. Res. 31:431, 1914. 





402 AMERICAN JOURNAL OF DISEASES OF CHILDREN 


Reduction of buffers, the prime essential of cow’s milk modification 
for infant feeding, in the past has been effected in two ways chiefly, 
by dilution and by the use of bacterially soured milk. The former, 
because of the accompanying reduction of food value, has to be sup- 
plemented by the addition of unbuffered food stuff, such as carbohydrate. 
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Chart 1—Ranges of hydrogen-ion concentration within which the digestive 
enzymes act. The gastric enzymes are shown above, the intestinal (including 
the pancreatic) below. The individual graphs are intended to represent roughly 
the proportionate activity at a given pa; the shaded areas showing the optimal 
range; the short vertical intersections, the points of half activity, and the apices, 
the points at which activity begins or ceases. Between lines A and B is the 
approximate range of acidity found in the normal infant’s stomach at the height 
of digestion. The optimal ranges for gastric enzymes, with the exception of 
rennet, lie to the left (more acid side) of the threshold, px 5.0, and those of the 
intestinal enzymes to the right. N-marks the neutral point pu 7.0. 
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Usually, such compensation is partial only, with the result that bottle-fed 
infants are made to ingest larger volumes than breast-fed infants, of 
food containing much lower percentages of fat. Hence, they lose 
certain benefits incidental to an adequate intake of milk fat, such 
as vitamins and substances necessary to normal stool formation, and 
are subject to the risks of high carbohydrate feeding. It is in over- 
coming the risks and damage of high carbohydrate feeding that the 
second method of buffer reduction, the use of soured milk, has been 
found to be of the greatest value. It is noteworthy that, on soured 
milk, infants with previously disturbed digestion are frequently able 
to take fat in much higher percentages than it is customarily given 
pH 
3,0 
35 
40 
45 
so 
ss 
6S 
70 
a a ee ae a a a ee Ser 
Oo S 10 1S 20 2S 30 3S 40 4S SO SS 60 6S 70 
Of, N/10 HCL ADDED 
Chart 2.—Titration curves of human milk, cow’s milk and 25 per cent. hydro- 
chioric acid milk; ordinates, H-ion concentration in pu; abscissas, percentages 
f tenth normal hydrochloric acid added. Human milk and hydrochloric acid 
milk curves intersect at about pu 5.0 (dotted line), the acid level at which gastric 


digestion begins to be effective, showing that the buffer values to this level are 
similar. Some difference in buffer values to higher levels of acidity remains. 





Cow's MILK 








even to healthy infants fed on sweet milk. Sour milk, moreover, can 
often be taken with little or no dilution, so that a smaller volume 
suffices to meet the caloric requirements. Protein milk is, of course, 
a modification of sour milk and has not only a high protein percentage 
but also a relatively high percentage of fat. 

The effects of protein milk are characteristic and suggestive. 


Diarrhea ceases, usually within forty-eight hours, with a striking change 


in the stools, which become grayish, and pasty in consistency, being 
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composed largely of calcium soaps. These effects have been commonly 
ascribed to the reduction in sugar (which fails to explain them), but 
the stools themselves certainly suggest as the outstanding effect an 
increase in lipolysis, and the reaction of the milk (fx 5.5-5.0) strongly 
suggests that lipolysis in an acid medium, i. e., in the stomach, has been 
favored. One is led to consider the possibility that the use of sour 
milk is beneficial because it increases the activity and availibility of 
gastric lipase, initiating at an earlier period the difficult process of fat 
splitting, increasing the amount split in the stomach (where perhaps, 
sence of increased soluble calcium salts, calcium soaps are 
formed, to appear eventually as the basis for the char- 
] and thereby promoting the completion of the task 

in the intestine. 
the stomach has not received the amount of 
rs to deserve. Lipase was demonstrated in the 
Sedgwick,® who believed that as much as 20 
it by it, and was further studied 
| H-ion concentration within 
its identity as distinguished 


milk therapy and of lactic acid milk feeding 


ligestive powers ( Marriott’) raises the question 


nd here some general principle of infant 
accurate and more flexible technic 
the feeding of higher percentages 
hydrate either in health or in 
alue in the food are favor- 
“m reasonable to prefer a 

degrees of acidity al 

1d be simple enot 

rable objectior 
Marked variations in acidity occur in 
temperature of incubation, kind, fresh- 
used. It requires about twenty-four hours 
us precautions must be taken. When bought 
able in composition. Its usua 
ns to be discussed, not 
irness of taste which not 

‘able time. 

Sauglings, Jahrb. f. 


des Sauglings, Ztschr. f. 


f Athreptic Infants, J. A. 
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Theoretically at least, there seems to be no good reason why milk 
should not be soured for infant feeding by the addition of acid. Scheer,* 
indeed, has used a milk soured with hydrochloric acid in the treatment 
of tetany, though he has not advocated its use along the lines here 
discussed. In the present study, the reaction and buffer value of 
cow’s milk have been modified for purposes of infant feeding by the 
addition of tenth normal (about 0.4 per cent.) hydrochloric acid. 
Two principles, governing the proportion of acid to milk, have been 
successively tried by actual experiment. The first, depending on the 
addition of enough acid to bring the reaction to the assumed threshold 
value, Pu 5.0—approximately 50 c.c. to each hundred cubic centimeters 
of milk—was found to have certain practical disadvantages, such as a 
rather sour taste, heavy flocculation of casein, refusal by some infants 
and failure (in one instance) to evoke the desired changes in the stools. 
The second principle, that of reducing the buffer value approximately 
to that of human milk, was found to give satisfactory results and has 
been employed throughout most of the later part of the experiment, 


TasB_eE 1.—Changes in Cow's Milk Caused by Different Amounts of Acid 


pu 
Milk, per Cent. (Approx.) Precipitate Taste 
0 6.9 0 
25 6.0 0 Not perceptibly sour 
30 8 0 Just perceptibly sour 
35 5.7 Slight Slightly sour 
40 5.6 Present Slightly more sour 


45 5.5 Marked Moderately sour 


up to the present, with some exceptions in individual cases. For 
his modification, 25 c.c. of acid is added to each hundred cubic centi- 
ters of milk, and the product called, for short, 25 per cent. hydro- 
ric acid milk (Chart 2). It is believed that milk thus modified is 
re nearly physiologic than that with more acid, since it demands 
m the stomach about the same secretory task (for acid) as does the 
‘tural food, breast milk. 
Table 1 shows the changes in cow’s milk caused by different amounts 
cid, 
The 25 per cent. hydrochloric acid milk, with its reaction of py 6.0, 
slightly acid to alter the taste perceptibly, is taken by infants without 
yrotest. The acid is taken up largely by the basic phosphates which 
are converted in part into the more soluble acid phosphates and corre- 
sponding chlorids. The increase in soluble calcium salts may be an 
additional factor of advantage. No “free” acid is present in the milk. 
The addition of hydrochloric acid to milk inhibits the growth of 
bacteria to some extent, improving the keeping properties. 


: 8. Scheer, K.: Die Beeinflussbarkeit der Spasmophilie durch Salzsaure- 
milch, Jahrb. f. Kinderh. 97:130 (Feb.) 1922. 
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CLINICAL RESULTS 


lhe most striking and characteristic effect of hydrochloric acid milk 


ing, 


feed 


s of protein milk feeding, is the appearance, usually within 


twenty-four or forty-eight hours, of smooth grayish stools, consisting 
chiefly of calcium soaps. Soap stools have almost invariably occurred 
in the present series of cases, to this extent at least bearing out the 
of increased lipolysis. In spite of the appearance of soaps, in 

he stools have remained rather loose, owing to the con- 
tinued addition of sugar to the formulas. Experience has made it clear, 
as no doubt we should have anticipated, that acid does not facilitate the 
digestion of sugars, or at least does not obviate their ill effects once 
intolerance is established. 


This apparently holds even for cane sugar. 
the othe 


hand, experience has indicated quite definitely that acid 
added to milk affects very favorably the tolerance to fats, even when 

previously been ill borne. Vomiting has ceased, and curd) 
to smooth, well-digested, 


In two instances, the py of the stools was, 


1 
mucous stools hx 


ls have given place 


oe ‘ 
alkallne StOOIS 


respectively, and 7.3. Sugar diarrhea, with watery, acid stools, 


and scalding of the buttocks, has yielded promptly to hydrochloric acid 


=<> 
mal soap stools occurring in nearly all cases within forty-eight 


fat percentages are necessary, as with protein milk, 
Beginning usually with a two-thirds whol 


| soap stools. 
most cases, we use top 5 per cent. and top 6 per cent 
few days. In one instance, an error in instruc- 
he administration, without any ill effects, 
rly 8 per cent. fat. 


-trect 


tT 


t 


s obtained have been due directly to the 
several cases in which attempts to withdraw 
were promptly followed by a return of symptoms. 


withdraw the acid 


shown 


In some 
has been possible to within a com- 
but in a number it has had to be continued for 
apparent harm has resulted from this. 
loric acid has been used altogether in 
) the last twenty has a fairly uniform 
per cent. hydrochloric milk) been employed. The series is 

large enough to justify more than tentative conclusions. 
s have, however, been uniform enough in certain respects to 
efinite promise of practical usefulness to the method. 


: 1 
rocn 


n 


only in 


It appears 
to have value in the treatment of diarrheas when the sugars are at 
fault; in the treatment of the common fat intolerance of infancy; in 
cases in which we desire to increase the caloric intake without increase 





FABER—HYDROCHLORIC ACID MILK 407 


in the carbohydrate or undue increase in the volume ; in cases in which, 
for any reason, we wish to increase the intake of fats, and, quite 
possibly, in the feeding of normal infants whenever cow’s milk has 
to be used. In several cases of eczema, we have, without harm, and 
perhaps with some benefit, given much higher percentages of fat than 
are customary in this disease. It is possible, though we have not as 
vet had an opportunity to try it, that it may be useful in celiac disease. 
' While acid has not appeared to improve the digestion of sugar, 
it has not, apparently, rendered it more difficult ; and in most instances, 
it has been possible, after a suitable interval, to introduce sugar again 
into the formula after full recovery from the original disturbance. It 
has, however, been possible to obtain good gains in weight without 
addition of sugar, or with the addition of very small amounts, by virtue 
of the increased fat intake. In all, we have had about ten cases in which 
diarrheas traceable to sugar have been cured by hydrochloric acid milk. 
In one instance, twins fed on the same formula throughout both showed 
. prompt cessation of the disorder when fed on top milk with hydro- 
chloric acid and have both gained and developed normally over a period 
of three months since their recovery. 
Two cases may be selected for detailed description. 


REPORT OF CASES 


Case 1—Baby K., aged 6% months, admitted April 9, 1923, had from fifteen 

) twenty green watery stools daily, accompanied by fever and scanty urination. 

[he ears were discharging also, and the infant had suffered from otitis media 
since about March 20. The ears were opened, March 23, and had been discharg- 
ng ever since. Diarrhea began about March 26 and had been more severe for 
past three or four days. The formula employed contained 3.2 per cent. fat, 


TaBLe 2.—Formulas and Progress (Case 1) 


Sugar Protein HCl, per Cent. Remarks 
4.0 ‘ 14 Stools reduced to 5 or 6; still loose but 
containing soaps 
More solid substance, less watery; still 
ioose; has gained 130 gm. 
About the same; lost 150 gm.; 4 or 5 
stools a day 
Stools, 1 to 3 daily; gained 190 gm. in 3 
days; normal, well digested soap stools 
Cane sugar added; stools continue good 
Cane sugar increased; stools continue 
good, 1 or 2 daily; steady gain 





8.3 per cent. sugar and 2.5 per cent. protein. The physical examination was 
negative, except for the purulent discharge from the ears, and enlarged tonsils 
ind adenoids. 

Table 2 gives the formulas and progress from April 9 to 28. 

April 29: The patient was discharged from hospital. 

May 5: The patient was having two good stools daily. A good gain had been 
made. The hydrochloric acid was reduced to 8 per cent., because of expense. 


There was no other change. The baby had gained 4 ounces (113.4 gm.) in six 
days. 
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May 9: The patient had seven stools after the change in formula. The 
stools were fewer when the sugar was reduced. There had been a gain of 3 
ounces (85 gm.) in four days. 

Summary.—This patient was put on top milk to maintain calories in the 
presence of sugar intolerance. The immediate effect was to reduce the number 
of stools from fifteen to twenty to five or six. From being green and watery, 
they became soft, with fair amounts of soaps, but still rather loose. Marked 
improvement began after the percentage of hydrochloric acid was increased to 
29 per cent. and the fats raised from 2.9 to 4.4 per cent. Reduction of the acid 
below 15 per cent later caused a temporary recurrence of diarrhea. 

Case 2.—Baby B., aged 2% months, admitted Feb. 17, 1923, had severe, 
forcible vomiting, dating from birth. The baby was breast fed until two weeks 
previously, and was weaned because the mother had influenza. The formula 
contained 10 ounces of milk, 12 ounces of water and some cane sugar. Vomiting 
usually occurred about fifteen minutes after feeding. There were one or two 
fairly good stools daily. The physical examination was essentially negative. 
No waves of pyloric stenosis were detected. 

Table 3 gives the formulas and progress from February 17 to 28. 


TABLE 3.—Formulas and Progress (Case 2) 


HCl, per Cent. Remarks 
0 Slight regurgitation; 2 good stools 
0 Three good stools 
0 Losing weight; 3 or 4 poor stools con- 
taining curds and mucus 


0 Has made one good gain; stools st 

poor, as before 

Stools showed very marked improvement 
the morning of February 26 (stools 
February 25), still containing fat ec 
but no mucus; curds nearly gone Feb: 
ary 27, and none seen February 28; typi- 
cal ‘ stools, smooth and 

Stools, 2 to 4 daily; steady gain; st 
somewhat looser March 2; changed f 
cane sugar to Karo, and baby disn 
in good condition 


re made March 15 and 28 and May 7. There was : 


an average of one stool daily, soft, yellow and normal. 17 
taking hydrochloric acid. There had been a gain of 61 ow 
in the seven weeks since discharge. 
The fat intolerance was corrected by skimmed milk but witl 
On hydrochloric acid, the infant was able to take fat in 


ously ill borne, and to gain weight. 


TRANSITION TO UNSOURED MILK 


One of the troubles associated with bacterially soured milk and 


particularly with protein milk has been the difficulty in returning to 
unsoured milk. It can be done by adding increasing proportions of 
unsoured milk to the sour, a cumbersome and inaccurate process that is 
rarely if ever employed. With hydrochloric acid, the transition can be 
very accurately and easily made, merely by reducing the quantity of 
added acid at a rate graduated according to the patient’s clinical response. 
We have in several cases been able to return to unsoured milk without 
difficulty. In some cases, in which the too rapid reduction was not 
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well tolerated, it has been a simple matter again to increase the acid, 
and then reduce it more slowly, a process virtually impossible with 
bacterially soured milk. 

CONTRAINDICATIONS 


During the first month or six weeks of life, as is well known, protein 
milk and lactic acid milk are not as a rule well borne. We have 
repeatedly found the reaction of colostrum (the first ten days) to be 
fairly alkaline, py 7.7. The stomach of the new-born infant holds 
about 1 ounce, and it is estimated that with an intake of 3 ounces, two 
thirds of the milk has gone into the intestine by the time feeding is 

mpleted and before much change of reaction can have been produced 

it by the gastric secretion. These facts appear to indicate that, in 

‘ry young infants, proportionally much less digestion is gastric and 

ore intestinal, the latter being optimal in an alkaline reaction (Chart 1). 

his may well point to the desirability of increasing the alkalinity of 

ificial food during the first month, lowering the buffer resistance to 
line change, and may offer an explanation for the occasional use- 
ness of lime water. In any case, we have set a limit of 6 weeks 


ge as the earliest time at which acidified milk should be used. 


CONCLUSION 
This paper is intended to point out the usefulness of the acid 
lification of milk rather than to stress the value of a particular acid. 
ay be that hydrochloric acid may possess certain disadvantages, 
et undetermined, and that organic acids which burn to carbon dioxid 
turn out to be preferable. Hydrochloric acid was selected largely 


use it is the physiologic acid. It is also cheap, easily standardized 


everywhere available. We have made up samples of artificial lactic 


| milk which are as palatable as hydrochloric acid milk, in the corre- 


ng strengths, but have not as yet given them clinical trial. 


SUMMARY 
The excess of buffers in cow’s milk delays, and in many cases 
ents, the completion of gastric digestion in infancy by inhibiting 
he acidity necessary to the optimum efficiency of the gastric enzymes. 
‘articular emphasis is laid on the importance of gastric lipase. 

2. The principle that acidified milk favors the splitting of fats in 
the stomach may be used in the treatment of various disorders of 
digestion, particularly in fat and in sugar intolerance. In the latter 
ase an increased digestion of fats appears largely to compensate for the 


necessary reduction in sugars. 
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3. In general, buffer reduction by acid has definite advantages over 
reduction by dilution, and may well be used in the feeding of normal 
infants. 

4. Cow’s milk to which one-fourth the volume of tenth normal 
hydrochloric acid has been added has been used in the majority of 
cases in the present series. Its taste and appearance are not per- 
ceptibly different from untreated milk. Its buffer value resembles 
that of human milk. Lime soap stools, like those from protein milk, 
occur when hydrochloric acid milk is fed. 


5. Milk modified by the addition of acid has advantages over bac- 


terially soured milk of convenience in preparation and ease of the 


graduated return to unsoured milk. 
6. There are several reasons why acidified milk should not be used 


in very early infancy. 





NEOPLASMS OF THE MEDIASTINUM IN INFANCY 
AND CHILDHOOD 


REPORT OF A CASE OF GANGLIONEUROMA OF THE 
MEDIASTINUM IN A GIRL OF EIGHT YEARS * 


WILLIAM ROSENSON, M.D. 


NEW YORK 


Although new growths of the mediastinum are very rare in child- 
hood, the possibility of their occurrence should be bone in mind in the 
differential diagnosis of obscure intrathoracic conditions. The finding, 
on operation, of a large tumor mass in this region, in a child of 8 years, 
which had escaped recognition for more than a year, though studied 
very carefully, clinically as well as roentgenologically, prompted me to 
review the subject and present a study of the case. 

The literature contains many articles on mediastinal neoplasms in 
eneral, without special reference to the young. Hare‘ presented a 
mplete review of this subject, including patients of all ages. There 
ve been, however, only a few studies of this condition in child- 
od by foreign writers, notably Schubert,? Rosenberg,*® Bollog,* and 

iting. Up to the present time, as far as can be ascertained from 
earch of the literature, thirty-eight cases of mediastinal new growths 

infancy and childhood have been described. 

(he clinical picture of neoplasms of the mediastinum is produced 

the most part by compression of one or more of the structures 
ng in it. It is of considerable importance in diagnosis to associate 

symptoms in an individual case with the organs involved. 

Pressure on the trachea may cause a persistent cough, dyspnea, 


nosis and stridor; on the bronchi, cough and physical signs of 
decreased aeration to the corresponding lung. 
Pressure on the esophagus produces difficulty and pain in deglutition. 


Symptoms referable to compression of the veins will depend on 
whether the superior vena cava, the vena azygos major or the inferior 
vena cava is involved. Pressure on the first may produce edema of the 
face, neck, upper part of the thorax and arms; dilatation of the super- 


* Received for publication, Aug. 29, 1923. 

“From the pediatric service of Mount Sinai Hospital. 

“Case presented before the pediatric section of the New York Academy 
‘t Medicine, May 11, 1922. 

1. Hare: Mediastinal Disease, Fothergillian Essay, 1889. 

2. Schubert: Ueber Mediastinal Tumoren bei Kindern, 1887. 

3. Rosenberg: Inaug. Dissert., Gottingen, 1881. 

‘ a Ueber Mediast. Tumoren in Kindesalter, Brugg F. Wild & 
Co., 1887. 


5. Keatings: Encyclopedia of Diseases of Children, 1889-1890. 
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ficial veins of the face, neck and upper part of the thorax; cyanosis 
of the face; exophthalmos with disturbance of vision; tinnitus with 
impaired hearing; headache, and dizziness. Pressure on the vena 
azygos major is marked by engorgement of the intercostal veins and 
hydrothorax of the right side, and at times by pericardial effusion. 
Compression of the inferior vena cava may produce edema; dilatation 
of the superficial veins of the lower extremities, and albuminuria. 

Pressure exerted on the heart will cause displacement and may 
produce irregular heart action; pressure on the aorta and its branches, 
diminution or: inequality of the radial pulses, precordial pains and 
pallor. 

The nerves which may become involved by the pressure of the 
new growth are the vagus, the inferior laryngeal and the sympathetic 
nerves. Compression of the first produces irregularity of the heart 
action, with slowing, syncope, difficulty in deglutition and cough. 
Pressure on the inferior laryngeal, causing paralysis of the posterior 
cricoarytenoid muscles, gives rise to stridor, brassy cough and inspira- 
tory dyspnea. Involvement of the sympathetic nerves may produce 
inequality of the pupils, as well as palpebral fissures, and an enoph- 
thalmos of the affected side. 

The neoplasm may grow forward, producing an erosion of the 
sternum and costal cartilages, or it may extend backward to the verie- 
brae and spinal cord, giving rise to a paralysis of the lower extremitics. 

Among the thirty-eight cases of mediastinal neoplasms in child- 
hood, the following types have been described: sarcoma, 15; carcino: 
9; dermoid cyst, 6; lymphadenoma, 4; from thymus of unkn 
character, 2; lipoma, 1; ganglioneuroma, 1. 

Sarcoma of the mediastinum in childhood arises most comm 
from the thymus gland. In six of the fifteen cases, it was unqu 
tionably the origin of the tumor; in two others, it was given as 
probable starting point. In two cases, the new growth developed f: 
mediastinal lymph glands. No definite statement regarding the exa 
igin of the tumor was made in five instances. All the tumors, w: 


> 


the exception of four, whose type was not mentioned, were lym; 


orl 


sarcomas. The youngest child in this group was 1 year, the olde 


14 years. There were nine boys and five girls. In one case, the 


was not mentioned. Death usually occurred from pressure ot 
invading growth. Radium was employed in one instance. The 
child improved for a short time, but later developed metastases in 
the abdomen, and died of general weakness and prostration. 

The diagnosis of carcinoma of the mediastinum was made in_nine 
cases. There is, however, considerable doubt as to the correctness of 
the pathologic reports of some of the early cases. The distinction 
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between lymphosarcoma and carcinoma was not made clear. In three 
cases, the tumor was reported as primary in the mediastinum. One 
growth originated in the breast. In five cases, no statement was 
made as to the primary seat. The youngest patient in this group was 
S months, and the oldest, 12 years. There were four boys and four 
girls. The sex was not mentioned in one case. 

There have been a large number of dermoid cysts of the mediastinum 
reported in the literature, notably by Morris® and Christian.? The 
symptoms of these congenital tumors are not usually manifest until 
adult life, and the diagnosis is rarely made in childhood. In six cases, 


symptoms did arise before adolescence. The youngest patient 


(reported by Medoei) was an infant. The tumor was situated in the 
anterior mediastinum and perforated into a bronchus, with the expecto- 
ration of hairs and cholesterin. The oldest child in this group was 
i2 years. In this case, a dermoid cyst was successfully removed 
rom the mediastinum. In two cases death occurred from pneumonia. 

Lymphadenomas have been reported in four cases, all in boys. The 
imors arose in two cases from the mediastinal lymph glands, in one 
se from the thymus. No statement was made as to the origin of the 
mor in the fourth child. The youngest was 6 years, the oldest, 

years. 

In two instances, cases of mediastinal neoplasm arising from the 
‘mus were reported, but with no definite statement as to their 
thology. Both children, aged 5 and 13 years, died of asphyxia. 

()ne case of lipoma of the anterior mediastinum in a child of 1 year 
s been described. 

The following case, observed at Mount Sinai Hospital, presented 

unusual type of mediastinal neoplasm: 


REPORT OF CASE 


listory.—I. B., a girl, aged 8 years, applied at the outpatient department 
anuary, 1922, for relief of a persistent cough which had begun one year 
viously. The family history was negative. The birth was normal. The 
tient had had measles at 18 months, and whooping cough at 6 years. There 
re no other illnesses in the past. In addition to the harassing cough for 
ear, she suffered from slight dyspnea, progressive weakness and loss of 
ight. She had occasional attacks of vomiting, and at times short periods of 
egular fever. There were no night sweats. She had been in another institu- 
tion for the same condition four months previously. 
Physical Examination.—The patient was undernourished, weighing 39 pounds 
(17.7 kg.). She appeared somewhat pale and moderately dyspneic. Examina- 
tion of the chest revealed flatness on percussion over the entire right side. 
On auscultation over this area, there was markedly diminished vesicular breath- 
ing, except posteriorly at the angle of the scapula, where there was distant 


6. Morris: Med. News, Sept. 16, 1905. 
7. Christian: J. Med. Res. 7, 1902. 
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Fig. 2—Appearance of chest after removal of the neoplasm. The drainage 


tube is still in place. 
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bronchial breathing. Fremitus was absent. The left side of the chest was 
normal. The heart was displaced very slightly to the left. The sounds were 
of good quality. There were no murmurs. The rest of the physical examina- 
tion was negative. The urine was normal. Pirquet and Wassermann tests 
were negative. 

Laboratory Findings.—Blood count revealed: 11,500 leukocytes ; polymorpho- 
nuclears, 90 per cent.; lymphocytes, 10 per cent.; hemoglobin, 70 per cent.; 
erythrocytes, 4,200,000. Roentgen-ray examination of the chest (Fig. 1) revealed 
a large sharply defined shadow which occupied the region of the right upper lobe, 
extending to the third rib anteriorly. This was interpreted as an encapsulated 
effusion. At the right base, there was a less dense shadow, interpreted as an 
unresolved pneumonia. 

The patient was admitted to the hospital service for further study. On 
aspiration of the right upper chest, 2 c.c. of bloody fluid was obtained. Culture 
if this fluid proved sterile. 

Operation.—The child was then transferred to the surgical service, and Dr. 
Howard Lilienthal operated. He made an extrapleural approach through an 
incision posteriorly over the right upper lobe in the region of the sixth and 
eventh ribs near the spine. A large tumor mass, about the size of a tennis 
ball, was seen in the posterior mediastinum. A portion of the tumor was 
emoved at this time. A week later, through the same wound, the rest of the 
ass was completely excised. 

Roentgen-ray examination after the operation showed that the tumor had 
en entirely removed (Fig. 2). 

Pathologic Report—Dr. F. S. Mandlebaum reported the growth a ganglio- 
uroma. A photomicrograph of the neoplasm (Fig. 3) is shown through the 
surtesy of Dr. F. S. Mandlebaum. 

Outcome.—Since the operation, the child’s general condition has improved. 
he cough has markedly diminished and she has gained about 5 pounds 
2.27 kg.) in weight. 

While the patient was on the ward, some eye manifestations were noted by 
e ophthalmologist, Dr. J. Wolff. The right palpebral fissure was smaller than 

left; the right pupil was smaller than the left, and there was an enoph- 
ilmos of the right eye. This syndrome is due to an involvement of the 
mpathetic nerve. 

A ganglioneuroma is a neoplasm composed of ganglionic cells and 
erve fibers. It usually originates in the sympathetic system. It is 
mmonly benign, but malignant cases have been described. A con- 
iderable number of cases have developed in the suprarenal body. The 
bdominal segment of the sympathetic nerve has been the most common 

seat of origin. Loretz* described the first case of ganglioneuroma of 
the mediastinum in a man of 33 years. Later, Borst,’ Rindfleisch,’* 


‘schistowitsch ?+ and Friedrich * described other cases, arising from 


the thoracic segment of the sympathetic nerve. All of these cases were 


in adults. 

8. Loretz: Virchow’s Arch., 1905. 

9. Borst: Die Lehre von den Geschwulsten, Wiesbaden, 1902. 

10. Rindfleisch: Text Book of Pathol. Histology, 1872, translated by 
William Kloman. 

11. Tschistowitsch, cited by Pick and Bielschowsky: Ztschr. f. ges. Neurol. 
u. Psychiat., 1911. 

12. Friedrich: Frankfurter Ztschr. f. Path., 1911. 
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Dunn ** has reviewed the literature completely up to 1915 and found 


records of fifty-one cases of ganglioneuroma. Among these patients, 


there were seventeen children. In none of the cases occurring in chil- 
dren was the mediastinum or thorax involved. 

The only other case of ganglioneuroma of the mediastinum in 
childhood was described by A. P. Stout. 


Fig. 3—Photomicrograph of ganglioneuroma, showing ganglionic cells 
nerve fibers. 
In a child of 2% years, there was a history of gastric disturbances for 


seven months, and weakness of the lower extremities for four months. Physical 
examination revealed signs of pressure on the spinal cord in the thoracic region. 
Roentgen-ray examination revealed a large mass in the upper portion of the 
left thoracic cavity. For a time, the case was regarded as an inoperable 
sarcoma. Subsequently, however, the child was operated on in the Neuro- 


13. Dunn: J. Path. & Bacteriol. 19, 1915. 
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logical Institute for the relief of pressure on the cord. A large tumor which 
had extended from the thorax was found in the spinal canal. The child died 
soon after the operation. Microscopic section of the tumor showed it to be a 
ganglioneuroma. 


In our case, there was no extension of the tumor beyond the thorax ; 
nor were there any metastases. The complete extirpation of the 
ganglioneuroma will undoubtedly insure a permanent cure. 

The subject of mediastinal neoplasms in childhood was reviewed 
to emphasize the importance of considering this condition in the 
differential diagnosis of intrathoracic disease. A case of ganglio- 
neuroma of the mediastinum was reported because of its great rarity 
and to show the possibility of the successful operative removal of the 


crowth. 





CHRONIC ULCERATIVE COLITIS IN CHILDHOOD * 


HENRY F. HELMHOLZ, M.D. 


ROCHESTER, MINN. 


\ careful search of the literature has failed to reveal a single 
article dealing with chronic ulcerative colitis in childhood. Of the 
five cases to be considered in this paper, four were observed in the 
last two years, and one was reported by Logan? in 1919. Although 
different in their mode of onset, when fully developed these cases 
appear to be the same, the chronic recurring dysentery with watery, 
bloody passages, marked emaciation, persistence of the symptoms in 
spite of treatment, and the absence of any known etiologic factor, 
_such as Bacillus dysenteriae, ameba, Balantidium coli, or tuberculosis 
making a definite clinical entity. 

Chronic ulcerative colitis, as defined by Logan, is a chronic inflam 
mation of the large bowel, of unknown etiology, and showing al! 
grades of inflammation, from a reddened, congested, easily bleeding 
mucous membrane, to superficial and deep ulceration, with constant 
or recurring dysentery, lasting from many months to several years. 

Logan was the first, in this country, to report a large series of cas« 
of chronic ulcerative colitis in adults. Since then, a considerable number 
of articles have appeared on the subject. The condition was describe 


by White? in 1888, as a clinical entity. The anatomic changes ha‘! 


been described, no doubt, in the terminal stage, by Rokitansky 
Virchow * and others, as polyposis of the colon, the polypi bei 
formed by a proliferation of the islands of mucosa remaining in t! 
ulcerated colon. In order to convey an idea of the condition, it w)| 
be necessary to cite, in detail, the outstanding features of these fi 


cases. 


REPORT OF CASES 


Case 1 (Reported by Logan).—History.—G. M. G., a boy, aged 10 years 
was brought to the Mayo Clinic, June 26, 1907, because of bloody diarrhea. 
He had had whooping cough and measles, and at the age of 8 years, a spe! 
of chills and fever resembling malaria. His subjective symptoms had beg 


about a year and a half before, with general abdominal pain, followed in 


* Received for publication, Aug. 8, 1923. 

* From the Section on Pediatrics, Mayo Clinic. 

* Read before the American Pediatric Society, French Lick, Ind., May 31, 
1923. 

1. Logan, A. H.: Chronic Ulcerative Colitis: A Review of One Hundred an 
Seventeen Cases, Northwest Med. 18:1-9 (Jan.) 1919. 

2. White, W. H.: On Simple Ulcerative Colitis and Other Rare Intestin: 
Ulcers, Guy’s Hosp. Rep. 45:131-162, 1888. 

3. Rokitansky, K.: A Manual of Pathologic Anatomy, 4 vol., London, Syden- 
ham Society, 1849-1854. 

4. Virchow, R. L. D.: Die krankhaften Geschwulste, 3 vol., Berlin, Hirsch- 
wald 4, 1863. 
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few days by bloody diarrhea. He was in bed for two weeks, and his mother 
thought that the blood had been darker, and had been seen only occasionally 
in the mucus since that attack. He had had no night sweats, but occasionally 
there had been an afternoon rise in temperature. Recently, the stools had 
been copious, the movements usually being associated with slight pain. 


Examination.—The child was rather pale, and had slight general abdominal 
tenderness. His temperature was 101 F. The hemoglobin was 50 per cent. 
Repeated stool examinations for tubercle bacilli and amebae were negative. 





L 





Fig. 1 (Case 1).—Roentgenogram of colon showing absence of haustrations. 


‘toscopic examination revealed a markedly congested mucous membrane, 
ith a few small, rather shallow ulcers. 
Course.—The patient was not seen again for nine years, when he returned, 
mplaining of thin, mucous stools with occasional clots of blood. He had 
having from three to five stools daily, thin and watery, with flecks of 
lood and occasionally a large hemorrhage of bright blood. He had had slight 
ittacks of colic, and had seemed to do better on a full diet than on a restricted 
me. He had been taking calomel every few days for several years. Examina- 
of the stool did not reveal any parasites. Bismuth subcarbonate, one 
teaspoonful three times a day, was given. Two months later, there was some 
provement. While the patient was under bismuth treatment, the stools 
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decreased to about three a day. Roentgenograms at this time revealed a 
thickened, contracted colon without haustrations. One year later, the patient 
was still having from three to five movements a day, and was more relieved 
by taking bismuth than by any other mode of treatment. 

Case 2.—History.—M. H., a girl, aged 10 years, came to the Mayo Clinic, 
Jan. 19, 1922, because of bloody diarrhea. She had had measles, whooping 
cough, chickenpox, pneumonia, at the age of 2 years, and influenza at 6. The 
tonsils and adenoids had been removed at the age of 6 years. At the age of 
years, she had her first attack of bloody diarrhea. At this time, she was 
in the hospital for about three weeks, and gradually recovered. Six months 
later, she had a second attack, and this time remained in the hospital for one 
year. During most of this time, she had from eight to ten stools a day, and 
often passed large clots of blood. She was under the care of a number of 
\t first she was on an oatmeal diet, and later on a buttermilk diet, 


1, 


physicians. 


which seemed to make the diarrhea worse. Without much change in diet, or 
any particular medication, she gradually improved and was able to take a 


general diet. For about seven years, she was fairly well. In the fall of 1921, 
she had a return of her old condition, with dysentery and a good deal of blood 
and mucus. There had been no irregularity of the diet, and a slight cold was 
the only premonitory symptom. During September, 1921, the stools were often 
as numerous as twenty-nine a day. At this time, the patient’s home physician 
had under his care eight other cases of diarrhea, which ran the usual cours: 
clearing up in the course of a few weeks. In the last two years, she had com 
plained a good deal of headache, and abdominal pain in the region of the liver 
Her general condition had gradually become worse. Her appetite was very poor 
During the last three months, the stools had been less frequent, although ther: 
was considerable mucus. Recently, the stools had again increased to eight o: 
ten daily, with passage of blood clots almost every day. The patient ha 
considerable tenesmus and frequent cramplike pains in the abdomen, with th: 
bowel movements. 

Examination—The child was markedly underweight, weighing only 49! 
pounds (22.5 kg.). The hemoglobin was 60 per cent.; the erythrocytes numbers 
3,900,000, leukocytes, 5,000, lymphocytes, 37 per cent., transitionals, 5 per cent 
neutrophils, 45 per cent. and eosinophils, 6 per cent. The urinalysis and tl 
Wassermann reaction were negative. Repeated Pirquet tests gave negati 
reactions. Roentgenograms of the chest revealed nothing abnormal. TI! 
roentgenogram of the colon was typical of chronic ulcerative colitis, showi! 
a narrowed colon without haustrations (Fig. 1). An aphthous stomatitis w 
present. Proctoscopic examination revealed marked ulcerative proctitis wit 
probable colitis. Examination of the stool was repeatedly negative for tuber: 
bacilli, amebae or other parasites. Cultures were negative for dysentery, typho: 
or paratyphoid bacilli. The blood cultures were also repeatedly negative. 

Treatment.—The patient was admitted to the hospital and put on a bla: 
diet. In view of the possibility of amebic infection, she was gtven emet 
hydrochlorid, 0.02 gm., twice a day for three days. Daily stool examinatio 
were made for amebae, without success. Four days after the patient enter: 
the hospital, acute arthritis of the left knee developed, followed in four days 
by an infection in the right knee. About the same time, slight stiffness of the 
neck also developed. Local irrigations with the usual antiseptics were without 
benefit. During all this time, the patient had an irregular fever of between % 
and 100 F., occasionally reaching 102 F. The fever seemed to be definitely 
associated with the arthritic symptoms, as with each new flare-up there was 
a corresponding rise in temperature. 

Operation —After one month of treatment and a gradval loss of strength and 
weight, it was decided to perform an appendicostomy. Because of the inflam- 
matory condition of the appendix, however, this was impossible; instead, the 
appendix was removed and a cecostomy was made by suturing a catheter into 
the cecum at a point just above the stump of the appendix. The cecum, at 
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the point where the cecostomy was made, was sutured to the peritoneum. 
After the operation, the temperature rose to 102 F. for three days, and then 
gradually subsided, and continued to range between 99 and 100 F. 
Course —The condition of the joints remained about the same, and there 
was slight stiffness and aching in the right hand and left foot. Two weeks 
after operation, irrigations through the cecostomy wound were begun, with 
hot saline solution, the solution being allowed to run in slowly enough not 
to cause pain. The patient could tolerate only small amounts of fluid. She 
left the hospital April 17, slightly improved, but there was still considerable 
pus in the stools. Although the arthritic symptoms were less marked, there 
was still considerable pain in both knees. 
After the patient returned home, the saline irrigations were continued. 
Gradually, the blood disappeared, and finally the mucus in the stool. In 
\ugust, 1922, although her physical condition had improved markedly, she was 
having from four to six movements in twenty-four hours, with occasionally 
a small amount of blood. She was still receiving a hot saline irrigation for 
me hour each day. The arthritis had completely cleared up. 
The last report from the patient was received, March 11, 1923. Since 
Christmas, 1922, she had had one or two normal bowel movements a day. The 
lood had entirely disappeared from the stools, and the irrigations had been 
stopped. She had been gaining at the rate of about a pound a week for the 
ast two months, and had recovered her good color. 
Case 3.—History.—H. L., a girl, aged 11 years, came to the Mayo Clinic, 
Sept. 20, 1922, complaining of dysentery and loss of weight. She had had 
ickenpox, measles, mumps and whooping cough, and, at the age of 3 years, 
ilk poisoning. The present illness began in December, 1921, when the mother 
oticed bloody stains on the underwear. She thought at first that the child 
as beginning to menstruate. She was taken to a physician and treated for 

ulcer of the rectum for two weeks, without improvement. At this time, 

ie developed acute bronchial pneumonia, which lasted for about ten days, 
d had a bad effect on the condition of the bowels. The stools became 
equent, from ten to twelve movements a day, accompanied by enormous hemor- 
iges. High enemas were given. The child was confined to bed until March, 
22, because of the intestinal trouble. She received silver nitrate and starch 
emas, also opiates and bismuth, without effect. 

In March, she was taken away for consultation, and after three weeks of 

-amination, the diagnosis of amebic dysentery was made, although so far 
the mother knows, amebae had never been found. The child was treated 
ith emetin and ipecac, and also with coal oil enemas. She received arsphen- 
lin intravenously, and 30 grains (2 gm.) of quinin a day for three weeks. 
| food except a small amount of carbohydrates was withheld for fifteen 

ys. During this period, she lost gradually in weight, weighing about 29 

unds (122 kg.) instead of her normal of 55 pounds (25 kg.). She was 
,iven a transfusion, and later put on a more liberal diet, when she gained in 

eight. In June, further cultures were taken. By agglutination, it was 
etermined that she had an infection of the Flexner bacillus. Repeated doses 
f serum were given intravenously, once with marked anaphylactic shock, when 
irtificial respiration was required to resuscitate her. She gained slightly, so 
that by September, 1922, her weight was 48 pounds (21.8 kg.). Since the 
erum had been administered, the mother thought that the movements had 
heen more nearly normal, but the least increase in diet resulted in liquid 
vements. 


Examination.—The child was markedly underweight, weighing 47.5 pounds 
(21.6 kg.), the normal weight for her height being 68 pounds (31 kg.). She 
was having about eight bowel movements a day, with blood and mucus. The 
hemoglobin was 42 per cent.; the erythrocytes numbered 4,260,000, and the 
leukocytes, 20,000. The Wassermann and Pirquet reactions were negative 
Examinations of the stool were negative for dysentery, amebae and other 
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intestinal parasites. Roentgenograms of the colon revealed a chronic ulcerative 
colitis, practically the entire large bowel being involved (Fig. 2). There was 
ulceration (2+), as far as could be seen with the proctoscope, without much, 
if any, contraction of the bowel. 

Operation.—In view of the marked involvement of the colon, the anemia and 
the marked loss in weight, it was decided not to attempt local treatment, but 
to perform an ileostomy immediately. The parents, before consenting to the 
operation, wished to consult their home physician, and the child, therefore, 
was given a transfusion, and was allowed to return home. She returned two 
weeks later, and a Brown operation was performed. She stood the operation 
well, but developed a slight infection around the ileostomy openings. Further 








Fig. 2 (Case 3).—Roentgenogram of colon. 


transfusions were given, so that, November 11, the hemoglobin was 55 per cent.: 
the erythrocytes numbered 4,000,000, and leukocytes, 13,000. 

Course.—The patient was definitely gaining in strength, and the appetit 
was excellent. Hot saline irrigations through the lower ileostomy opening were 
started. November 11, the child was able to walk. Her main difficulty was 
excoriation around the wound, from the fecal material. No fecal material was 
passing through the rectum, and as a result of the daily saline irrigations, 
the secretion from the bowel became gradually free from blood, and finally 
just a little mucus passed several times a day from the large bowel. Following 
the irrigations, 1 ounce of 2 per cent. scarlet red in olive oil was injected into 
the lower bowel. November 30, the patient’s weight was 46 pounds (21 kg.). 
On proctoscopic examination, December 5, the condition of ulceration was not 
much improved over the first examination. The degree of involvement was 
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about 3, and the general appearance was not so angry. December 30, the 
weight was 50 pounds (22.7 kg.); January 30, 54 pounds (24.5 kg.), and 
February 5, 56 pounds (25.4 kg.). 

On dismissal, February 6, the patient’s general condition was markedly 
improved. She had regained her pink cheeks, and her arms and legs had filled 
out. There was still a small area of redness around the ileostomy opening. 
The stools were somewhat solid in consistency, although there was an occa- 
sional liquid stool. There was no discharge from the large bowel except on 
irrigation. No pus nor blood had been seen for the last month. Proctoscopic 
examination revealed decided improvement in the degree of ulceration. At no 
time during the patient’s stay in the hospital did the temperature go above 
100 F., and it was usually normal. She was sent home on a diet of milk, eggs, 
meat, bacon, cereal, orange and baked apple. The saline irrigations were to 
continued once a day, 1 quart of saline being used, and irrigation being 
iollowed by injection of 1 per cent. scarlet red in olive oil. 

A recent letter states that the child weighs 61 pounds (27.7 kg.); that the 
tools are formed for the most part, there being probably only one liquid stool 
in twenty-four hours, and that the skin condition about the wound appears to 
e very much better. 

Case 4.—History.—G. L., a boy, aged 8 years, complaining of dysentery, was 
examined at the Mayo Clinic, Nov. 19, 1922. The patient had been well until 
\farch, 1921, when he had scarlet fever, complicated by otitis media. Following 
this, bloody and mucous stools were frequent for four months, when he was 

it in a hospital in Kansas City. At that time, the tonsils, adenoids and four 
irious teeth were removed, and circumcision was performed. These measures 
cemed to have a definite effect in decreasing the intestinal blood. The patient 
vas placed on a more liberal diet, and he returned home greatly improved, 
Ithough his father and mother believe that he was never completely free from 
ysentery, and the slightest indiscretion in diet would bring on a return of 
e diarrhea. He attended school regularly the following year, and seemed to 

fairly well until August, 1922, when he developed an acute recurrence of the 
ucus and blood in the stools, associated with fever. One week later, there 

s a large hemorrhage of bright blood from the bowels. Three injections 

serum for bacilary dysentery were given, without much improvement. In 

ptember, the boy developed, as a complication of the rectal ulcerations, a 

rirectal abscess, which had to be opened. A number of fistulas developed, 

iding to sloughing of the sphincter and loss of control. Then the dysentery 
idually decreased until two weeks before examination, when the stools again 

‘ame very frequent, containing much blood and mucus, and the boy lost 
round very rapidly. The stool examination was negative for Flexner organ- 
ms and ameba, as were also the blood cultures. Barium sulphate injection 

| feeding seemed to point to an ulcerative involvement of the duodenum and 

tire colon. One week before examination, the boy had been given a second 
rum inoculation. For the last two weeks, he had taken practically nothing 
mouth, and had lost 8 pounds (3.6 kg.) during this time. 


Examination—The boy was in an extremely serious condition, markedly 
emaciated, with a dry skin, sordes of the lip, impetiginous eruption over the 

dy, deep ulcers in both cheeks and a large ulcer of the soft palate. Examina- 
tion of the lungs and heart was negative. There were enormous fistulas around 
the rectum, with much sloughing and mucopurulent exudate around the anus. 

Treatment.—The child was taken immediately to the hospital. Saline irriga- 
tions were used in the mouth every two hours, and the ulcerated areas were 
painted with 5 per cent. silver nitrate solution twice a day. On the day after 
admission, he developed extensive urticarial lesions over the entire body, 
probably due to the serum given the week before. Sitz baths were given for 
the local condition around the rectum. It was almost impossible to get the 
boy to take fluid. Besides the Sitz bath, light treatment was given locally 
to the buttocks. The urinalysis was negative. The hemoglobin was 61 per 
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cent.; the erythrocytes numbered 3,044,000, and the leukocytes, 6,800. Repeated 
cultures of the stool for dysentery or typhoid, blood cultures, and examination 
of the stool for amebae or other parasites were negative. The temperature 
continued to range between 100 and 103 F. 

Operation and Course—Two weeks after admission, since no improvement 
was being effected under local treatment, it was decided to perform a cecostomy. 
Because of the very emaciated condition and the lowered resistance of the child, 
in spite of a transfusion previous to the operation and another afterward, he 
did badly and the wound showed little tendency to heal. There was a breaking 
down of tissue around the cecostomy opening, which was further complicated 
by the discharge of fecal material. In spite of a short circuiting of the feces, 
the infected area around the rectum showed no tendency to heal. All food 
had to be forced. Although there were temporary periods when the bowels 
seemed to tolerate a fair amount of food, each time that the amount was 
increased, there were enormous watery discharges through the cecostomy open- 
ing. The boy continued to lose weight, until he was nothing but skin and 
bones. Hemorrhages appeared everywhere, even on the slightest pressure of 
the skin. In spite of feeding with almost entirely protein food, the bowel 
movements could not be controlled, and the boy finally died from sepsis and 
starvation. 

Vecropsy.—The body was extremely emaciated (grade 4), and over the skin 
of the whole body were numerous, very irregular hemorrhages, 3 cm. or less 
in diameter, and small abrasions. The edges of the wound were edematou 
and congested, and covered with granulation tissue, and a slightly cloud 
serous secretion exuded. The colon, 15 cm. above the cecum, was adherent 
to the wound in the skin, and opened into the wound. The colon and a part 
of the small intestine were taken out through the wound. There were a few 
fibrous adhesions of the peritoneum, most of which was, however, smooth a1 
glistening. In the colon, and in the lower part of the small intestine, ther 
were numerous, very irregularly formed ulcerated areas on the mucosa, of 
varying sizes, with only a scant deposit of fibrinous material on the floor 
these ulcerated areas. The edges of the ulcerated areas were often undermine: 
the mucosa in such places was slightly thickened. In some areas, the muscul: 
coats were ulcerated down to the peritoneum. The spleen was dry and fir: 
the lymphoid nodules were indistinct. The liver was firm, and the markings we: 
distinct. Under the capsule, there were distinct regular cloudy spots (lobule 
The cortex of the suprarenals was uniformly gray and cloudy. There was 
autolytic softening of the medulla. The right psoas was partly destroy: 
gangrenous, edematous and infiltrated, around an abscess leading up from t 
site of operation. In the upper part of the duodenum there was a scarli 
surface, apparently an old healed ulcer. Arteriosclerosis of the aorta w 
evident 

Case 5.—History.—M. K., a girl, aged 15 years, came to the Mayo Clin 
Feb. 3, 1923, complaining of diarrhea with an acute onset a year and a half 
before. The patient had come to the clinic at the age of 8, because of repeated 
attacks of infection of the upper respiratory tract. At that time, the tonsils 
were removed. She had been well until the onset of diarrhea. In July, 1921, 
she and several other members of a camping party had had acute intestinal 
disturbances, which cleared up rapidly. The following September the patient 
had had a return of the diarrhea. There were a number of cases of diarrhea 
in the community at the same time, but in no other instance did the condition 
persist. After September, 1921, the patient had five or six movements daily, 
with a considerable amount of mucus, but no macroscopic blood, and little 
pain or other complaint. She was relieved temporarily when on a diet. For 
the last two months, she had had eight or nine thin, watery stools, with a 
slight amount of mucus, preceded by cramps and marked urgency. Medication 
gave only temporary and very slight relief. During the last year, the patient 








SE eo as bs 


Se SiN ae 


=" ie sari RSA 


HELMHOLZ—CHRONIC ULCERATIVE COLITIS 425 


had lost about 5 pounds (2.27 kg.). She had experienced less inconvenience on 
a solid and semisolid diet than on liquids and a soft diet. 

Examination—The patient weighed 90 pounds (41 kg.), being almost 20 
per cent. underweight. She was somewhat anemic and markedly emaciated. 
There was slight rigidity of the upper right and upper left rectus, but no pain 
or tenderness. There was slight edema of the lower limbs. The hemoglobin 
was 81 per cent.; the erythrocytes numbered 4,900,000, and the leukocytes 
10,000. Urinalysis, and examination of the heart and lungs were negative. 
Roentgenograms of the colon revealed typical ulcerative colitis (Fig. 3). 
Examination of the stool was negative for parasites and ova, but positive for 
lood and pus. Stools were negative for tubercle bacilli on repeated examina- 








Fig. 3 (Case 5).—Roentgenogram of colon. 


The proctoscopic examination of 15 cm. of the colon revealed ulcerative 
ctitis and granular ulcerations, with considerable blood, pus and mucus. 
Operation and Course—The patient was admitted to the hospital the follow- 

« day, and because of her very weakened condition and the extensive involve- 
nt of the colon, it was decided to perform an appendicostomy rather than 
risk an ileostomy. She seemed to do very well for a time after the appen- 
dicostomy. However, slight sloughing developed around the wound, gradually 
extended, and continued to spread in spite of light treatment. The patiert’s 
appetite was very poor, and she lost weight rapidly. April 12, numerous ulcers 
appeared on the buccal mucous membrane, and became very painful. A marked 
edema of the left lower extremity developed. In spite of every attempt to 
feed the patient, she continued to lose weight. She weighed at this time about 
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60 pounds (27.2 kg.). Even with continued irrigations, the condition of the 
bowel did not show any tendency to improve, and the patient died, April 19, 

Necropsy.—Nine and two-tenths centimeters of the wound was unhealed. 
The skin of the wound was separated 5.5 cm. at its broadest diameter. The 
left thigh was considerably discolored, and somewhat larger than the right. The 
appendicostomy opened into the center of the unhealed area. There were 
numerous soft adhesions between the ileum and the anterior abdominal wall, 





Fig. 4.—Section of colon showing multiple ulcers on mucosal surface. 


particularly in the region of the operation. The diaphragm reached the fourth 
spaces on the right and left. Numerous soft adhesions were found at the apex 
of the pleural cavities anteriorly. Seven hundred and fifty cubic centimeters 
of dark brownish fluid was found in the right cavity. An ulceration in 
the esophagus, about 2 cm. in length, opened into the right pleural cavity. 
The pericardial cavity contained 15 c.c. of clear straw fluid. The heart muscle 
was pale, and the coronaries disclosed arteriosclerosis 1—. There were fine 
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Fig. 5—Changes on the submucosa. 











Fig. 6.—Degenerative changes in the inner muscular layer. 
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interlobar adhesions on the right side between the upper and middle lobes. 
The spleen, which weighed 60 gm., was soft, with indistinct corpuscles and fairly 
prominent trabeculae. The liver weighed 1,050 gm. The markings were indis- 
tinct, and numerous pale yellow areas, suggesting fatty change, were scattered 
throughout. 

There were no gross lesions of the stomach or duodenum; throughout the 
colon, covering practically the entire mucosal surface, were multiple ulcers 
(Fig. 4). The remaining patches of mucosa were thickened, and appeared as 
islands in the ulcerated area. Numerous areas were ulcerated down to the 
serosa. The mucosa of the ileum was edematous and congested for a distance 
of about 60 cm. from the ileocecal valve, and numerous small ulcerations were 
scattered throughout this area. Three large ulcers, measuring approximately 
3 cm. in diameter, were found in the rectum, and the remaining mucosa was 
extremely congested. The left iliac vein contained a thrombus, which extended 
up to the juncture with the inferior vena cava. The sections of the ulcers 
revealed extremely vascular bases, consisting largely of new connective tissue 
infiltrated with leukocytes. Numerous lymph vessels, filled completely with pus 
cells, were seen. Figure 5 shows the nature of the changes on the submucosa, 
and Figure 6, the degenerative changes in the inner muscular layer, consisting 
of edema, hemorrhage and breaking up of the fasciculi. 


COMMENT 

So far as is known, there is no single definite etiologic factor in 
chronic ulcerative colitis. The condition may be the result of a variety 
of infections, pyogenic, dysenteric, amebic or tuberculous ; but where- 
ever a specific cause can be demonstrated, the condition is usually not * 
considered chronic ulcerative colitis. In none of the five reported cases 
were we able to demonstrate the presence of any of these infections. 
In only two instances (Cases 2 and 5) were there other cases of 
dysentery in the community, and in these two epidemics, all other 
patients recovered uneventfully in the course of a few weeks. in 
Case 4, the patient had his first attack following scarlet fever com))!1- 
cated by otitis media. In four of the five cases, the colitis started 
acutely with a bloody diarrhea. In only one instance (Case 3) was the 
condition chronic and without diarrhea. The onset was so lacking in 
symptoms that the small amount of bloody mucus which the mother 
noticed on the child’s underclothing was interpreted as the beginning 
of menstruation. When it continued for a few weeks, however, 
medical advice was sought. In spite of treatment, the girl became 


gradually worse. Dysentery did not develop, however, until several 


weeks later, following an acute bronchopneumonia. 

As is seen most definitely in Case 3, the ulceration begins in the 
lower portion of the bowel, and in the course of the illness the entire 
colon is involved. Only rarely is the ileum involved. In Cases 4 and 
5, both of which came to necropsy, there were ulcerations in the ileum. 
In only one of Logan’s 117 cases was there local involvement of the 
colon, which was not continuous with the process lower in the bowel. 
On proctoscopic examination, the ulcers are usually most marked in the 
rectum and lower sigmoid, and in the early cases become less numerous 
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in the sigmoid. The colon is usually thickened, the surface appearing 
red and glazed, with numerous small ulcers. In the severe cases, only 
small islands of mucosa are left, the entire surface being ulcerated, and 
presenting a granular appearance. The roentgenogram is characterized 
ly marked narrowing and absence of haustrations in the full extent of 
the involved colon. The connective tissue found in the inner muscular 
laver may account for these changes. In four of the five cases, this 
picture was very definite. In the fourth, it was impossible to make a 
roentgen-ray examination of the colon, because of the acutely tender 
condition of the rectum. The stools were usually from five to ten in 
number, containing a considerable amount of mucopus and blood, fre- 
quently in clots. Large hemorrhages occur only occasionally in the 
adult, but seem to be more frequent in the child. The passing of blood 
clots, not intimately mingled with the mucus, is rather characteristic. 
Two of the four patients had good appetites, one remarkably good. 
no time did this patient have the least indisposition to eat; nor 

(| she have any abdominal symptoms referable to the taking of food. 
e other three patients had to be constantly coaxed to get them to 
anything at all. Each had considerable tenesmus and cramplike 

ns in the abdomen, which may have accounted for the lack of 
petite. All four patients were markedly emaciated, probably owing 


the toxemia and to the rapidity with which the food was passed 


ugh the intestinal canal. If there is no complication, the patients 
usually free from fever. During the entire stay in the hospital, 
patient in Case 3 was free from fever. In Cases 2 and 4, the 
ients had fever only when there was other cause for temperature, 
h as arthritis and perirectal abscess. Acute arthritis was seen only 
in this group, but it is encountered quite frequently in adults. 
irectal inflammatory conditions are usually of serious prognostic 
nificance. 
Che diagnosis of the condition is based on mucopurulent diarrhea, 
ciated with the passage of considerable amounts of blood, usually 
clots. There is a persistence of the dysentery in spite of all medical 
treatment, and absence of any of the usual etiologic factors. The age 
of the patient at onset was from 8 to 10 years, unless it is assumed that 
the patient in Case 2 had the colitis from the age of 24% years. There 
Was a period of about seven years when she was fairly well, and it 
is questionable whether the condition was chronic during this entire 
period, or whether it had recurred as a result of a second infection. 
The leukocyte count was normal in two cases, being between 6,000 
and 7,000; in one case, it was 20,000, without anything unusual in 
the differential counts. The characteristic changes, found on procto- 
scopic examination, are glazing of the mucosa and, in a later stage, 
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a granular appearance due to multiple ulcerations. Roentgenograms 
are typical, showing the narrow colon with absent haustra. 


PROGNOSIS 

Under medical treatment, the outlook is bad. Logan gives a mor- 
tality of 7.5 per cent. in his cases. The mortality of 27.5 per cent. 
in cases in which operation was performed is hardly fair, because it 
includes patients that were doing badly in spite of medical treatment. 
All of the four patients in the series did poorly under medical treatment 
alone, and improved only after surgical intervention. In two cases 
a colostomy, in the third an appendicostomy, and in the fourth an 
ileostomy (Brown operation) was performed, by means of which the 
lower bowel could be constantly irrigated with saline solution; and 
with double opening of the ileostomy, no feces reach the colon. Two 
of the patients are virtually well, the inflammatory condition in 
the colon having almost completely subsided; and they are feeling 
practically normal. The other two patients did not improve, in spite 
of operation. Unquestionably, the complicating infection around the 
rectum and in the psoas muscle determined the fatal outcome in one, 
and the lack of resistance, preventing normal healing, in the other. 
cases of this kind, medical treatment, consisting of saline irrigatio: 
and large doses of bismuth by mouth, should be tried. Recently, 
Logan® has reported several cases in which the patients impro\ 
markedly under massive doses of iodin by mouth. If the patient d 
not improve in the course of six weeks or two months, under medi 
treatment, it is advisable to operate. The operation of choice is unqu 
tionably the one devised by Brown, consisting of an ileostomy w 
the establishment of a complete fecal fistula, through the lower | 
of which the colon can be irrigated. It is wise to let considerable t 
elapse before closing the ileostomy opening. An operative morta 
of 50 per cent. is extremely high, but it seems certain that, with 
operation, there would have been a 100 per cent. mortality. If 


experiences in the adult are taken into account with the frequ 


recurrence after closure, the question of a permanent fistula must 
considered. 

5. Logan, A. H.: Three Cases of Chronic Ulcerative Colitis Cured by | 
M. Clin. N. America (July) 1923. 





REPORT OF A FATAL CASE OF KERATOMALACIA 
IN AN INFANT, WITH POSTMORTEM 
EXAMINATION * 


JAMES R. WILSON, M.D., ano R. O. DuBOIS, M.D. 


BOSTON 


It has been known for some time that xerophthalmia and kerato- 
malacia will develop in animals maintained on a diet deficient in fat 
soluble A vitamin. Cases of xerophthalmia and keratomalacia in 
children have also been reported for a number of years, but it is 
only recently that the occurrence of these conditions has been corre- 
ated with the experimental work on animals. We have had the 
pportunity of observing a case of keratomalacia in an infant which 
terminated fatally and in which we were able to obtain a complete 

stmortem examination. In addition to the lesions occurring in the 


eyes, the microscopic examination showed extensive changes in many 


ther organs of the body. It is for this reason that this case seems of 
‘special interest. 
REPORT OF CASE 


History—M. K., a girl, white, aged 5 months, born at full term after 

normal delivery, and weighing at birth 6% pounds (2,954 gm.), gave 

entirely negative family history. She was nursed for one month, at the 
id of which time she was weaned and put on a top milk dilution. This feeding 

; changed at the end of one month to a formula of condensed milk, a 1: 10 

ution. Five ounces was given every three hours. She continued to receive 

feeding up to the time of admission, a period of three months. At first, 
took her feedings well, but for two months prior to admission, she had been 
using large quantities. The total daily intake rarely exceeded 10 ounces. 
re were no gastro-intestinal upsets at any time, but the baby failed to gain. 
re was no history of acute illness except frequent colds, characterized by 
irymation and coryza. The last, attack had its onset two weeks before 
nission to the hospital. For one week, the parents had noticed that the 

s appeared dull, as if covered by a film. For two days, she had been drowsy 

had refused a large part of her feedings. 
hysical Examination.—On admission, the infant was undernourished and 
erdeveloped, weighing only 6% pounds. She appeared in a stuporous condi- 
and reacted poorly to external stimuli. The skin showed marked loss of 
elasticity and in addition had a distinctly waxy feel. There was slight des- 
1amation on the abdomen. The eyes showed marked injection of the con- 
unctivae, which were dry and wrinkled in appearance, and there was an accom- 
panying photophobia. The corneae were dry and had a dull, ground-glass 
appearance. The pupils were contracted. The rest of the physical findings 
were essentially negative. 

Laboratory Findings.—The white blood count was from 29,000 to 31,000; the 
red blood count, 4,600,000; hemoglobin (12 gm. per hundred cubic centimeters), 
%1 per cent.; blood culture, sterile; blood Wassermann reaction, negative ; urine, 
entirely negative; tuberculin reaction, negative. 

* Received for publication, Aug. 14, 1923. 


*From the Infants’ Hospital and departments of pathology and pediatrics, 
Harvard Medical School. 
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Course —The baby lived for eighteen days after admission. During this 
period, she had an irregular temperature between 99 and 104 F. She remained 
in a semistuporous condition. Although she took a high caloric feeding of 


whole lactic acid milk fairly well, she failed to gain in weight. The eye 
condition grew progressively worse, and corneal ulcers developed in both eyes, 
accompanied by hypopyon. The day before demise, there was a perforation 
of the left cornea. The dehydration was relieved by the administration of 
fluids parenterally, but the skin still maintained its peculiar waxy feel. Admin- 
istration of cod liver oil was instituted on admission. The dose at first was 
3 minims three times daily, and this was rapidly increased up to 1 dram three 
times daily. Death occurred on the nineteenth day. 


The important features in the history were briefly as follows: For 
a long period of time the baby had been fed on condensed milk, a food 
deficient in fat and protein and necessarily low in fat soluble A vitamin. 
We have made no attempt to review the literature on this subject, as 
this has been done in a recent article by Ross.‘ In the four cases 
reported by him, all the patients had been fed almost exclusively on 
condensed milk. The deficiency of fat in the diet was also a prominent 
feature in the large group of cases reported by Mori.? His series con- 
sisted largely of cases in older children, from 3 to 5 years of age, wh« 
had been receiving a diet consisting largely of cereals and vegetables. 
Bloch * has also reported two series of cases of xerophthalmia in infancy, 
in both of which there was a history of dietary deficiency in fat. The 
feedings in his cases consisted almost entirely of separator skim mill 
or buttermilk. In the light of the experimental work which has been 
done on animals in producing xerophthalmia by a diet lacking th 
fat soluble A factor, it would seem extremely likely that the human 
cases are due to a similar deficiency. However, in the latter, it ha 
been impossible to control the other factors, and it is not improbab! 
that some other element, such as the extreme malnutrition, may play 
role in producing the condition. 

The administration of cod liver oil in our case was unsuccessfu 
although treatment was started soon after the eye changes had been 
noted. However, this failure to respond to treatment is easier t 
understand in the light of the extensive pathologic changes found 
throughout the body. That these changes were of long standing seems 
certain. 

Necropsy Report—Body: The body was that of a poorly developed and 
poorly nourished infant, 57 cm. long. The skin was smooth and white, rather 
dry, and somewhat inelastic. Scalp, ears, nose and mouth were negative. 

Eyes: The conjunctiva had a very finely granular surface. The cornea 
was clouded. Near the center of the cornea of the left eye, there was a rounded 








1. Ross, S. G.: Nutritional Keratomalacia in Infants, Am. J. Dis. Child. 
22:232 (Sept.) 1921. 

2. Mori: Ueber den Sogenannten Hikan, Jahrb. f. Kinderh. 59:175, 1904. 

3. Bloch, C. E.: Klinische Untersuchungen tiber Dystrophie und Xeroph- 
thalmie bei jungen Kindern, Jahrb. f. Kinderh. 89:405, 1919. 
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excavation, about 4 mm. in diameter, with a slight gray base, and in its center 
a small hole about 0.5 mm. in diameter, which apparently communicated with 
the anterior chamber of the eye. The cornea in this excavated area was opaque. 
The fluid in the anterior chamber was definitely cloudy. Near the center of 
the right cornea, there was an excavated area about 3 mm. in diameter, with 
a light gray base. The cornea in this area was opaque. 





Fig. 1—Submaxillary gland. In the neighborhood of the ducts, there is an 
extensive infiltration with leukocytes. 


Peritoneal cavity: This was negative. 

Pleural cavities: The visceral and parietal pleurae were adherent posteriorly 

easily broken fibrinous adhesions. Other portions of the pleural cavities 

were free. The pleura elsewhere was smooth. There was no free fluid. 
Mediastinum: The thymus weighed 1 gm. The mediastinal lymph nodes 

were negative. 


ry 
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Pericardial cavity: The cavity contained about 5 c.c. of slightly turbid light 
yellow fluid. The pericardium was smooth and glistening. 

Heart: The weight was 17 gm. 

Lungs: The right lung weighed 54 gm.; the left, 44 gm. In the upper 


right lobe posteriorly and in the upper portion of the lower left lobe, there 
were deep red firm areas. Bullae containing air were found in various places 
on the surfaces of both lungs, usually in the interlobar septums. On section, 





— — 
Fig. 2—Submaxillary gland. A high power photograph of one of the ducts, 
showing swollen epithelial cells and the peculiar nuclear inclusion bodies. 


a cavity about 1.5 cm. in diameter, with numerous out-pocketings, was found 
in the center of the consolidated portion of the right upper lobe. This cavity 
contained a thick mucoid, greenish yellow liquid, which was stringy and did not 
wash out readily. In other consolidated portions of both lungs, other small 
collections of liquid of a similar character could be seen. These suggested 
collections of purulent material in bronchi. The bronchial lymph nodes were 
red but were not definitely enlarged. 
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Spleen: The weight was 12.5 gm. 

Liver: The weight was 145 gm. 

Gallbladder and gastro-intestinal tract: These were negative. 

Pancreas: The weight was 2 gm. The surfaces were smooth. The color 
was gray. Here and there, a lobule with a yellowish cast was noted. 

Kidneys: The weight was 30 gm. 

Adrenals and Bladder: These were negative. 

Aorta: The intima was smooth, gray and glistening throughout. 

Genitalia: The uterus, fallopian tubes and ovaries were normal in 
appearance. 

Organs of neck: The walls of the pharynx and larynx were negative. 
The trachea and esophagus were also negative. The pharyngeal tonsils were 
small. The submaxillary, sublingual, and parotid glands were not remarkable 
on gross examination. The thyroid was small but not remarkable on gross 
examination. There were two parathyroids, both of which were negative. 

Brain: The weight was 420 gm. 

Middle ears and lachrymal glands: These were negative. 

3one marrow: The bone marrow in the ribs was red and, grossly, negative. 
\t the costochondral junctions, there was a moderate amount of bulging. On 
section of this portion, the line between bone and cartilage was _ slightly 
irregular. 

Microscopic Examination—Heart: In one section, there was a small area 
just beneath the intima where the myocardium was infiltrated with a smal! 
1umber of polymorphonuclears. In other places, the sections were not 
remarkable. 

Lungs: A striking finding in the lungs was the epithelial lining of the 
bronchioles, which in many instances was definitely of a stratified squamous 
type and showed desquamation of the horny superficial portions (Figs. 7 and 8). 
In places also, there is a definite piling of epithelium (Fig. 7). Sections from 
the firm area in the right upper lobe showed spaces filled with necrotic material 
and leukocytes (mostly polymorphonuclear neutrophils). Some of these areas 
were completely surrounded with bronchial epithelium; others were partly sur- 
ounded, and some showed no epithelial cells at the periphery, the walls being 
omposed of granulation tissue. These were bronchiectatic abscesses. The 
walls of many bronchi, apparently not dilated, were also infiltrated with leuko- 
ytes. In adjacent areas, the alveoli were filled with exudate, usually purulent, 
ut in certain areas fibrinous. 

Spleen: Some of the splenic nodules contained pale centers, in which there 
vere large mononuclears with abundant cytoplasm. The pulp contained a 
arge number of polymorphonuclear neutrophils. 

Liver, gallbladder and bile ducts: These were negative. 

Gastro-intestinal tract: Sections from the stomach, pylorus, duodenum, 
ileum and colon were apparently negative. The lymph nodules of the Peyer’s 
patches contained pale centers which presented a picture similar to that 
observed in corresponding areas in the spleen. 

Pancreas: Changes here were marked, the most striking among these 
being numerous epithelial lined cystlike cavities (Figs. 4 and 5). There were 
1 few acini which approached the normal in appearance, but for the most 
part their lumina varied in size from the normal-appearing up to the relatively 
large cystlike cavities, which were apparently dilated acini. The smaller 
cystlike cavities were lined with a cuboidal epithelium, but as the cysts 
increased in size, the tendency toward flattening became more apparent. In 
the lumina, there were rounded eosin-staining masses, and in some instances 
numerous polymorphonuclear neutrophils. The islands of Langerhans varied 
considerably in size and possibly were decreased in number. In places, they 
were being invaded with polymorphonuclear neutrophils. A section from the 
head of the pancreas showed a small space lined with stratified cornified 
epithelial cells filled with keratinized epithelium (Fig. 6). In another small 
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duct, there was a definite piling up of epithelial cells. The supporting connec- 
tive tissue was increased in amount (Fig. 4). In some areas, there was a 
marked polymorphonuclear infiltration of both stroma and parenchyma, and in 
others lymphoid and plasma cells predominated. 

Mesenteric lymph nodes: Some of the lymph follicles presented a picture 
similar to that observed in lymph follicles of the spleen and Peyer’s patches. 





























Fig. 3.—Parotid gland. A high power photograph of one of the ducts, show 
ing a swollen epithelial cell containing a nuclear inclusion body. 


Kidneys: The glomeruli were not remarkable. In places, the tubular 
epithelium was perhaps swollen. There were small areas -in the connective 
tissue supporting the epithelial lining of the pelvis which were infiltrated with 
leukocytes, both polymorphonuclear neutrophils and mononucleated forms. 

Suprarenals: These were negative. 

Bladder: In the tissue immediately beneath the epithelium, there were areas 
which showed a slight leukocytic infiltration. 
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Uterus: Sections from the fundus showed that the lining was nearly 
replaced by stratified squamous epithelium (Fig. 9). Where so replaced, the 
uterine glands were absent. This was in marked contrast to the cervical portion, 
where the lining consisted of a single layer of columnar epithelial cells. The 
stroma was not remarkable. 


Fallopian tubes and ovaries: These were negative. 























Fig. 4—Pancreas. A general view, showing epithelial lined cystlike cavities, 
tibrosis and a leukocytic reaction. 





Brain: Sections from the cerebrum and the cord were not remarkable. 
Sections from the pituitary body were negative. 

Thymus: The lobules of the thymus were irregular and were supported by 
wide bands of connective tissue which contained a few fat cells. In certain 
areas, the thymic tissue was apparently being replaced by connective tissue 

rhyroid and parathyroid: These were negative. 
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Tongue: There was a marked desquamation of the superficial layers ot 
keratinized epithelium. The epithelial covering and its supporting tissues were 
infiltrated with a relatively large number of leukocytes, most of which were 
polymorphonuclear neutrophils. Occasionally, small groups of muscle fibers 
and sometimes single fibers were found which stained deeply with eosin and 
had a waxy, homogeneous appearance, suggesting Zenker’s degeneration. 














Fig. 5—Pancreas. Epithelial lined cystlike cavities and fibrosis. 


Pharyngeal mucous membrane: There was a moderate inflammatory reac- 
tion involving the epithelial covering and its supporting connective tissue, which 
resembled but was less marked than that observed in the tongue. 

Larynx: There was a moderate degree of desquamation of the superficial 
portions of the lining epithelium. There was also an inflammatory reaction 
resembling that observed in the pharyngeal mucosa. The secreting cells of some 
of the mucous glands were in places flattened out along the periphery and 
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contained very little cytoplasm. Their nuclei were small, deeply staining, 
elongated masses, closely applied to the basement membrane. 

Trachea and primary bronchi: In the trachea, just below the vocal cords, 
there was a slight degree of cornification of the superficial layers of epithelium. 
Sections from lower levels of the trachea and from the primary bronchi did 
not show this change. There was a slight acute inflammatory reaction similar 

















Fig. 6.—Pancreas. One of the pancreatic ducts, showing keratinization and 
esquamation of epithelium with complete occlusion. 


» that observed higher up in the trachea and in the primary bronchi. In a 
few instances, the mucous glands surrounding the primary bronchi presented 
. picture similar to that described in the larynx. 

Esophagus: There was some slight cornification of the superficial portions 
f the mucous membrane, perhaps not more than normal. In sections taken 
from several levels, there was an acute inflammatory reaction of moderate 
intensity, but less marked than that observed on the tongue. Certain of the 
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mucous glands were lined with very much flattened cells with deeply stain- 
ing basophilic nuclei, which were stretched out along the basement membrane. 
A few of the glands were lined with epithelial cells which approached the 
normal. Certain of the ducts were lined with stratified squamous epithelium. 

Lachrymal gland: The tissue around the ducts was infiltrated with a small 
number of mononuclear leukocytes, most of which were lymphoid and plasma 

















Fig. 7—Lung. <A bronchus, showing stratified squamous epithelium. 


cells. The epithelial cells lining the acini were not remarkable. It is possible 
that the lumina of most of them were slightly larger than those of normal 
glands, but this point could not be stressed. Some of the lumina contained a 
small amount of finely granular eosin-staining material. The epithelium lining 
the ducts was not remarkable. 

Submaxillary gland: In the neighborhood of the ducts, there was rather 
extensive infiltration with leukocytes. Lymphoid and plasma cells predom- 
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inated, but in addition there were large mononucleated cells with large vesicular 
nuclei and rather abundant foamy cytoplasm. In the epithelial lining of the 
ducts, however, there was a peculiar change. Among the epithelial cells lining 
the ducts, very large cells were frequently encountered. The cytoplasm of these 
cells encroached on the lumen and the adjacent epithelial cells. The cytoplasm 
was characterized by round clusters of minute basophilic granules. The nuclei 
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Fig. 8—Lung. A higher power photograph of the bronchus shown in Figure 
presenting in greater detail the character of the stratified squamous epithelial 
lining. 


ot these cells, which were situated near the base, were frequently twice the 
size of the average nucleus in the neighboring epithelial cells. The nucleus was 
sharply demarcated by a bluish (hematoxylin stain) outline (nuclear mem- 
rane), which frequently enclosed a deeply stained (bluish) structureless body 
resembling a nucleolus. Separated from the periphery by a clear zone was a 
large mass rounded or irregular in shape, often finely vacuolated (Figs. 2 and 


eer) 
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3). In some cases, the central blue mass was surrounded by a reddish zone; in 
others the entire mass stained with the acid stain, while in a few instances it 
was entirely absent. In the latter case, the peripheral ring contained eosin- 
staining granules. One section showed a duct lined with flattened epithelial 
cells with amorphous eosin and hematoxylin-staining masses. In the neighbor- 
hood of ducts in which there was an extensive leukocytic infiltration, some of 
the acini were undergoing destruction. The more remote acini were for the 
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Fig. 9—Uterus. The fundus of the uterus is lined in places with stratified 


squamous epithelium 


most part unchanged, though some of the cells contained a pale swollen cyto- 
plasm showing a fine reticulum. The nuclei were pushed toward the basement 
membrane, and in some cases were entirely missing. The lumen was usually 
obliterated by the swollen cells. 

Parotid gland: The reaction in the parotid gland resembled very much the 
reaction found in the submaxillary gland. There were, however, no ducts lined 
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with flattened epithelial cells. The inflammatory reaction in places was more 
pronounced. In a number of places, the glandular tissue was apparently 
replaced by fat; which suggested atrophy. 

Sublingual gland: The glandular tissue for the most part was not remark- 
able. Around the ducts, only an occasional lymphoid and plasma cell could be 
seen. In one portion of one of the glands, however, there was an area infiltrated 
with leukocytes, chiefly of the mononuclear type. The epithelial cells lining 
the acini in this area were shrunken, and the lumina were filled with eosin- 
staining material, while occasionally epithelial cells were found which were 
being invaded with polymorphonuclear neutrophils. 


Yudkin and Lambert,‘ in a recent study of keratomalacia in rats, 
found slight changes in the lachrymal glands of animals showing early 
eye lesions ; wide spread suppurative inflammatory processes in animals 
with advanced eye lesions, and mononuclear cell accumulations and foci 
)f atrophy or fibrosis in animals that were cured. In the severely affected 
lachrymal glands, Mori® found that the acinar cells were shrunken, 
and that these cells no longer showed secretory zones. 

In the meibomian glands, Mori® often found cystic dilatation of 
the ducts. The lumina of the acini of the harderian glands were 
lilated and empty, or narrowed by the swelling of the secretory cells. 
(he secretory cells of the salivary glands were much shrunken. The 
pithelium of the intralobular ducts was also much shrunken and 
irregular. In the principal ducts, there was a remarkable degree of 

rnification and desquamation of epithelium. Other secretory organs, 
ch as liver, bowel, kidneys, thyroid and pancreas, showed no remark- 
ble change, except in the case of the pancreas, where, in one instance, 
e cells showed extensive vacuolation. The mucous membrane of the 
uth was dry clinically and at necropsy. The mucosa of the larynx 
id trachea showed marked “xerotic” (keratinizing) changes. 

Eye changes as observed by Wason® are briefly as follows: 

hyalinization or necrosis of the outer layer of corneal epithelium ; 
udation of serum and cells into the epithelium and stroma; pro- 
‘eration of blood vessels, and fibrosis. In the advanced cases, invasion 
i the anterior chamber and sometimes of the posterior chamber may 
sult. 
COMMENT 


In the following paragraphs, we wish to compare our findings with 
those in experimental animals. The lesions observed by us in the 


4. Yudkin, A. M., and Lambert, R. A.: Lesions in the Lachrymal Glands 

Rats in Experimental Xerophthalmia, Proc. Soc. f. Exper. Biol. & Med. 
19:376, 1922. 

5. Mori, S.: Changes in the Para-Ocular Glands which Follow the Admin- 
istration of Diets Low in Fat-Soluble A; with Notes on the Effect of the 
Same Diets on the Salivary Glands and the Mucosa of the Larynx and 
Trachea, Bull. Johns Hopkins Hosp. 33:357 (Oct.) 1922. 

6. Wason, Isabel M.: Ophthalmia Associated with a Dietary Deficiency in 
Fat Soluble Vitamin A, J. A. M. A. 76:908 (April 2) 1921. 
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lachrymal glands were not marked and consisted chiefly of a small 
round-cell infiltration of the tissues about the ducts. The reaction 
resembled the reaction described by Yudkin and Lambert‘ in the 
lachrymal glands from cured cases observed in connection with their 







experimental work on rats. One naturally wonders, therefore, whether 
the addition of cod liver oil to the diet of the patient may not have 
had some effect on the lachrymal glands, in spite of the fact that the 








child grew progressively worse. 
In the submaxillary and parotid glands, there were extensive lesions, 
the most striking of these being the inflammatory reaction about the 







ducts. In several places, there were also evidences of retrograde 
changes. The latter were described by Mori.’ In only one instance 
did we find a suggestion of cornification of the duct epitheliim, which 






Mori ® found in many cases. 
The sublinguals in general showed little change; but, in one small 






area, there was a very definite inflammatory reaction. Mori believes 






that, coincidently with “xerotic” (keratinizing) changes in the ducts 





and in the parenchymal cells, the ducts are invaded by bacteria pro 







ducing small abscesses in the gland. 
Nuclear inclusion bodies in the epithelium lining the ducts of the 
parotid and submaxillary glands were not mentioned by Mori. These 







bodies are reminiscent of those described by Councilman, Magrath an 






Brinckerhoff 7 in cases of vaccinia and variola. They resemble eve: 





more closely the “herpes be dies” described by Lipschultz . in the lesion: 





of herpes simplex and more recently mentioned by Fuchs and Landa, 


Friedenwald *° and Goodpasture and Teague." 
The eye changes in our cases were apparently similar to thos 






observed in the disease when experimentally produced. Stephens: 






and Clark,'!* working with rats, were unable, prior to bacterial invasio: 





demonstrate any histologic changes directly attributab! 





of the eye, to 
to dietary deficiency. In other words, the cornea appeared norm: 






until the onset of purulent inflammation. Mori feels that the lesions 








7 Councilman, W. T.: Magrath, G. B., and Brinckerhoff, W. R.: Etiolog 


7. 
Variola, J. M. Res. 9:372 (May) 1903. 
8. Lipschutz: Ueber Nachweis und Bedeutung der ‘zoster’ und ‘Herpes 
koerperchen’ (‘alpha’ und ‘beta-—‘Herpeskoerperchen’) in der geimpften Kanin- 
chenhornhaut, Verhandl. d. ausseroid. Tag. d. oph. Gesellsch. Berl. (1921 







1922. pp. 369-372 

9. Fuchs and Landa: Zur Aetiologie der Keratitis dendritica, Ztschr. 
Augenheilk. 49:9, 1922. 
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11. Goodpasture, E. W., and Teague, O.: The Occurrence of Intranuclear 
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the Virus of Herpes Labialis, Proc. Soc. Exper. Biol. and Med. 20:400, 1923 
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1920. 
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in the lachrymal glands are the most important in the pathologic 
picture, and that the changes in the glands would seem to cause the 
lesions in the cornea and conjunctiva. He states that he observed 
many vacuoles in the cells of the pancreas in one case. Wason does 
not describe changes in the pancreas. In our case, however, there 
were extensive lesions. Certain of the ducts showed definite keratiniza- 
tion of epithelium and in one instance complete occlusion (Fig. 6). 
There were many cystlike epithelial lined cavities, a definite inflam- 
matory process and fibrosis. 

In the lungs, there was extensive keratinization of bronchial 
epithelium in many places. In addition, there were bronchiectatic 
cavities, bronchiectatic abscesses, extensive peribronchitis and _ inter- 
stitial emphysema. Although the evidence at hand does not permit us to 
come to any positive conclusion regarding the relationship of the 
keratinization of bronchial epithelium to the bronchiectases, it seems 
probable that occlusion of bronchioles by desquamated keratinized 
epithelium was an important factor. Mori’® found marked keratiniza- 
tion of the mucous membrane of the larynx and trachea, but did not 
mention the involvement of bronchi. 

The changes in the character of the epithelium in various parts of 
the body were interesting. The tendency for epithelium of one type 
to change over into another type was present in various places. Such 
a tendency was found in the case of the epithelium lining the fundus of 
the uterus (Fig. 9), the epithelial lining of the trachea, the epithelium 
ining bronchi (Fig. 8), the epithelium Kning certain of the pancreatic 
lucts (Fig. 6) and, to a less marked degree, the epithelityn lining of one 

f the submaxillary ducts. In these places, we found stratified squamous 
pithelium, with cornification of the superficial portions. In Mori’s 
work, he mentions keratinization in many places; namely, the con- 
unctivae, ducts of salivary glands, ducts of meibomian glands, larynx 
ind trachea. 

SUMMARY 


Our patient, an infant, 5 months old, had been fed exclusively on 
condensed milk for a long period of time. When the baby first came 
under observation, it was markedly underdeveloped and emaciated ; its 
skin was dry and had a peculiar waxy feel, and the conjunctivae were 
dull and the corneas cloudy. In spite of the administration of cod 
liver oil, the baby’s condition grew progressively worse. Corneal ulcers 
developed, followed by a perforation of the cornea in one eye. Death 
occurred on the nineteenth day. 

At necropsy, the eye lesions were the most striking of the few that 
were observed on gross examination. Microscopic study, however, 
revealed changes in many organs. In the lachrymal and salivary glands, 
there were inflammatory lesions; and in the epithelium lining the sub- 
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maxillary and parotid gland ducts, peculiar cell changes and nuclear 
inclusion bodies were found. The pancreas showed keratinization of 
the epithelium in certain ducts, many large and small epithelial lined 
cystlike cavities, a marked inflammatory process and extensive fibrosis. 
The lungs showed keratinization of the bronchial epithelium, a marked 
peribronchitis, bronchiectatic cavities, bronchiectatic abscesses and inter- 
stitial emphysema 

Of peculiar interest is the change of a columnar epithelium to a 
stratified keratinized type found in the uterine mucosa, bronchi and 


pancreatic ducts, and, to a less marked degree, in one of the ducts of 


the submaxillary gland and the trachea. 
To the mechanical effect of desquamated keratinized epithelium, 


are inclined to attribute the pancreatic cysts and bronchiectases. 





A CASE OF POSTSCARLATINAL PHLEBITIS* 


J. HUENEKENS, M.D., ann DAVID M. SIPERSTEIN, M.D. 


MINNEAPOLIS 


Phlebitis or thrombophlebitis is apparently a rare complication 
following scarlet fever. In 1882, Southey’? reported a case of sym- 
metrical gangrene of the skin of the abdomen in a child, 5 years old. 
It occurred fourteen days after the onset of the scarlatinal eruption. 
Sloughing took place on the eighth day, and healing was not complete 
until eight weeks later. Davies, in 1891, showed a girl of 9, who had 
developed symmetrical gangrenous areas over the legs, which spread 
rapidly to other parts of the body. This occurred during the third 
week of the scarlet fever and the patient died two days after the 
appearance of the first area of necrosis. 


Wilson,? in 1895, published a case of symmetrical gangrene of the 


face and sacral region following scarlet fever. The boy was 6 years 
old, and the gangrene started on the tenth day of convalescence. ‘The 
patient died. In 1897, Pearson and Littlewood * reported a case of dry 
gangrene of both lower extremities complicating ordinary scarlet fever 
in a boy of 4. Recovery followed amputation of the limbs. Subse- 
juent examination revealed a thrombosis of the popliteal artery and 
vein of both legs. They cite a case published by Holmes * of gangrene 
i the left leg complicating scarlet fever in a woman, aged 40. 
Eichkorst,°> in 1901, demonstrated a case of gangrene of the left 
leg and foot in a girl of 4, occurring in the third week of convalescence. 
Recovery followed amputation. There was a thrombosis of the left 
popliteal artery as a result of an endarteritis. He mentioned a case 
published in the Jahrbuch fur Kinderheilkunde, 1860, which we have 
en unable to obtain. A boy, 9 years old, developed gangrene of 
eft leg and foot, later involving the right side also. The boy died and 
t necropsy a thrombosis of the iliac artery and vein was found. 


* Received for publication, Aug. 11, 1923. 

*From the Minneapolis General Hospital. 
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In 1902, Moizard and Ullman ® reported a case of phlebitis scarla- 
tinosa. This is the only case resembling our own in any respect that 
we have been able to find. Four days after the onset of the scarlet 
fever, the patient, a girl of 444 years, began to complain of pain and 
swelling of the right arm and forearm. A diagnosis of phlebitis of the 
axillary and brachial veins was made. Streptococcus pyogenes was 
obtained from blood culture. The patient recovered. 

They were able to collect four other cases of phlebitis from the 
literature. ‘Two were cases of phlebitis of the sinus dura matris; one, 
a phlebitis of the facial veins ; and the fourth a case of sinus thrombosis. 
All ended fatally 

Netz,’ in 1904, published a case of symmetrical gangrenous spots 
following scarlet fever in a girl 714 years old. They were located in 
the region of the nervous cutaneous brachialis medialis and the 
intercostobrachial. They were also present on the buttocks and the 
right thigh, and later, on the foot. Recovery was said to follow local 
applications of peroxid. 

In 1912, Escherich and Schick,* in an extensive monograph on 
scarlet fever, mention the rarity of this condition. Schick cites one 
case that came under his care. A 9-year-old boy, showing a post- 
scarlatinal nephritis, developed a swelling and bluish discoloration of 
the left calf accompanied by a paresthesia. Eight days after the onset, 
both extremities became cold and lifeless. Needle pricks were not felt. 
Sixteen days after the onset, the pulsation of the left crural artery 
could not be felt. Gangrene developed, extending up to the middle 
third of the left thigh. The right lower extremity also showed severe 
circulatory disturbances. The patient died, and at the postmortem a 
thrombosis of the iliac artery and vein was found. 

Dublin, in a study of 1,153 cases of scarlet fever, with especial 
reference to their sequelae, found no record of a case of phlebitis. 
Riesman, in a thorough discussion of phlebitis following various infec- 
tions and infectious diseases, fails to include scarlet fever. Nobecourt 
and Tournier,’ in 1915, reported two cases of phlebitis of the extremi- 
ties following scarlet fever. Both patients were young men, 29 years 
old. The phlebitis appeared late in both cases, on the thirty-seventh 
day in Case 1 and on the forty-fifth day in Case 2. In Case 1, the 
phlebitis was unilateral and was preceded, accompanied and followed 
by rheumatism of the joints, endocarditis and pericarditis. In Case 2 


6. Moizard, M., and Ullman, M.: Phlebitis scarlatinosa, Arch. de med. d 


enf. 2:601 (Oct.) 1899; abstr., Arch. f. Kinderh. 34:315, 1902. 

7. Netz: Gangran bei Scharlach, Therap. Monatsh. 18:353-354 (July) 1904. 

8. Escherich, Theodore, and Schick, Bela: Scharlach, Vienna, Alfred 
Holder, 1912, pp. 89-90. 

9. Nobécourt and Tournier: Phlebitis Following Scarlet Fever, Bull. et 
mém. Soc. méd. d. hop. de Paris 39:807, 1915. 
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the phlebitis involved both lower extremities. The course in both cases 
presented the classic symptoms of phlegmasia alba dolens. Both 
patients recovered. 


REPORT OF CASE 

History.—A boy, aged 6, admitted to the Minneapolis General Hospital, com- 
plaining of pain and swelling in the left lower extremity, had had scarlet fever, 
with onset, Jan. 15, 1923, and had been released from quarantine two weeks 
before the present admission (Feb. 24, 1923). Three days after, when getting 
out of bed, he began to complain of pain in the left thigh. The pain gradually 
became more severe and the thigh showed marked increase in size. 

Examination.—The patient was well developed and somewhat undernourished, 
very toxic, and in a semicomatose state. Except for the condition of the left 
lower extremity, the physical findings were entirely negative. The thigh espe- 
cially was markedly swollen and presented the appearance of a tumor mass on its 
inner surface. There was a large gangrenous, necrotic area over the heel. 
The entire extremity was very painful to the touch. Pulsation of the dorsalis 
pedis could be detected. 

Laboratory data on entrance showed no urinary findings of importance. The 
blood examination throughout the course of the illness revealed: approximately 
80 per cent. hemoglobin; 4,700,000 red blood cells; 18,000 leukocytes, with 56 
per cent. polymorphonuclears and 44 per cent. lymphocytes. The Wassermann 
reaction was negative. Repeated blood cultures were negative. 

Subsequent Course.—February 26: The temperature was 101 F.; the pulse, 
100. There was no change in the general condition, except for more localized 
nvolvement along the course of the saphenous vein. The right lower extremity 
howed some tenderness and swelling. The roentgen-ray examination of the 

yng bones revealed no evidence of a pathologic condition. 

March 4: The temperature was 100 F.; the pulse, 140. The condition had 
rown worse. The involvement of the right side was as extensive as that of 

left. Clonic contractions of the muscles of the entire right lower extremity, 
sting from five to ten minutes, occurred several times. 

March 5: The patient was extremely toxic. Clonic contractures of the right 

per extremity appeared, for no apparent reason. The leukocyte count was 
7.500. 

March 8: Contractures ceased two days previous. The mass on the inner 
urface of the right thigh was slowly disappearing. A purplish, gangrenous 
rea, 4 by 6 cm., appeared in the morning on the median side of the middle third 
- the right leg. The patient was developing a marked collateral circulation 
f the superficial vessels of the thighs, abdomen and thorax. The venous struc- 
ire on the abdominal wall resembled a caput medusae. 

March 9: Tenderness, rigidity and muscle spasm of the entire right abdom- 
nal wall were noted. 

March 11: The general condition was slightly better. The condition of both 
\wer extremities was unchanged. There had been no extension of the necrotic 

as. 

March 15: Improvement had been marked for the past three days, but the 

al condition showed no change. 

March 20: The patient was steadily growing stronger. The superficial veins 
howed considerable thickening of the walls and could easily be traced on pal- 

pation. An extensive collateral circulation had developed. 

March 26: Local swelling of the thighs was disappearing and pain on pres- 
ure was not so severe. 

\pril 8: The temperature was 102 F. the past two days. Examination shows 
Koplik spots in the cheeks. The patient was transferred to the contagious 

service. 
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April 17: On his return, edema of the extremities was practically gone. The 
general condition was very good. The necrotic areas showed evidence of 
healing. 

April 23: The patient had been gradually allowed to sit up and take a few 
steps. 

The patient was discharged to the outpatient service. 

He has been seen repeatedly at regular intervals since his discharge, and 
there has been no return of the infection. 


COM MENT 


The apparent rarity of this condition, the extensive involvement of 
both lower extremities with the presence of necrotic, gangrenous areas, 
the formation of a vast compensatory collateral circulation, and, finally, 
the recovery of the patient following a purely symptomatic treatment 


make this a case of unusual interest. 





ALLERGY TO COW’S MILK IN INFANTS WITH 
NUTRITIONAL DISORDERS * 


A PRELIMINARY REPORT 


ARTHUR F. ANDERSON, M.D. 
AND 


OSCAR M. SCHLOSS, M.D. 


BOSTON 


On the basis of clinical evidence, feeding experiments and the 
results of investigations on animals, one of us (O. M. S.) has, for 
some years, considered the possibility that the biologic character of the 
protein of cow’s milk may be a factor in the causation of nutritional 
disturbances in young infants. The object of this paper is to report 
data which have a bearing on the subject. 

The conception that nutritional disturbances of infants may be 
due to the absorption of unaltered or slightly altered protein has been 
discussed by Schlossman,’ Moro,? Finkelstein,? Salga,t Wernstedt,® 
Lust,® Reiss * and others, largely on the basis of indirect evidence and 
without any accompanying data of significance. It is beyond the scope 
of this paper to discuss the literature, but that will be undertaken in a 
later and more complete report. 

In order for foreign protein to cause a specific reaction in the 

rganism, it must be absorbed in a form unaltered or only partly altered 
by digestion. Protein which has been digested as far as to the peptones 


does not cause specific immune reactions, and, according to the current 


* Received for publication, July 18, 1923. 

* Read at the Thirty-Fifth Meeting of the American Pediatric Society. 

*From the Department of Pediatrics, Harvard Medical School, and the 
nfants’ Hospital. 

* A preliminary report of part of the investigations on which this paper is 
ased was published in the Proceedings of the Society for Experimental Biology 
ind Medicine 20:5, 1922. 
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view, ingested protein is completely hydrolyzed in the intestinal tract 
to its constituent amino-acids. There is much evidence, however, to 
indicate that the intestinal tract of infants may be permeable to 
undigested or partly digested protein. This subject has been con- 
sidered in detail in a previous communication.’ It has been shown by 
Lust,® Hyashi,?® Schloss and Worthen * and others that, under certain 
conditions, the intestinal tract of infants may be permeable to egg 
protein. Bauer,’ Modigliani and Benini,’? Schloss and Worthen § and 
others have demonstrated the same to be true of milk protein. In the 
investigations cited, the foreign protein was demonstrated in the blood 
or urine by means of precipitin tests or by anaphylactic tests on guinea- 
pigs. The permeability of the intestines to foreign protein has been 
demonstrated with greatest frequency in marasmic infants, or in those 
suffering from diarrhea. 

If undigested or partly digested protein gained entrance to the 
blood stream through the intestinal wall, the result would probably be 
the same as if the protein were given parenterally. Under such circum- 
stances, one miglit expect to find specific antibodies to the protein in 
the blood. This condition would be analogous to the findings in animals 


when given intravenous injections of foreign protein and to the demon- 


stration of specific antibodies in the blood of patients after the injec- 


tion of horse serum, by Moro and Hamburger,'® Longcope and 
Rackemann,'* Weil and others. The matter is probably of more 
than academic interest; for if the absorption of foreign protein is 
responsible for symptoms, it would seem most likely that a formation 
of antibodies has been provoked. Most of the recorded observations 
on the point have been negative. Moro and Hamburger failed t 


i 


find either cow’s milk protein or a precipitin for cow’s milk proteit 
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in the blood of infants with gastro-enteric disorders, but Moro? found 
precipitins to cow’s milk in the blood of a marasmic infant examined 
postmortem, and in a marasmic infant, Bauer + demonstrated the 
presence of precipitin to cow’s milk, and also obtained a positive com- 
plement fixation reaction with milk protein as antigen. 


TESTS FOR PRECIPITIN TO COW’S MILK IN THE BLOOD 
OF MARASMIC INFANTS 


During the last three years, we have conducted investigations on 
infants with nutritional disorders in order to determine the frequency 
with which antibodies occur in the blood. In carrying out the precipitin 
test, we found, as have previous observers, that the use of ordinary milk 
vas exceedingly unsatisfactory owing to the impossibility of obtaining 
lear solutions. Only very heavy precipitates could be detected. This 
perhaps explains the negative results obtained by most workers. After 
various tests, we found that a brand of fat-free dried milk gave almost 
lear solutions in which slight precipitates could be detected readily. 
[his preparation has been used entirely in our recent tests. 

The tests for precipitin to cow’s milk were made thus: To 1 cc. 
of milk dilutions of 1: 50, 1: 100, 1: 500 and 1: 1,000 were added 0.1 c.c. 
nd 0.2 c.c. of the serum to be tested.*° The tests were read after 

‘ubation for one hour at 37.5 C.; the tubes were kept on ice for 
venty-four hours, and then the final reading was taken. In the earlier 
sts, controls with normal human serum and normal rabbit or sheep 
erum were used. These tests were uniformly negative and were later 
itted. Positive controls were made by using anti-milk rabbit serum. 
Controls on the serum of the patient diluted with physiologic sodium 
hlorid solution and on milk dilutions without the addition of serum 
vere used throughout. The results were recorded as +, ++ + 
1 ++-+++. When the test showed distinct flocculation, the test 
as called +. When flocculation was marked, with perhaps a slight 
ross precipitate deposited on the bottom of the tube, the test was 
lassified as ++. Marked flocculation with a moderate gross deposit 


Se 
, 


the tube was called + + +; and +++ + was used when the 
flocculation was extremely marked, with practically all of the protein 
deposited in the bottom of the tube, leaving a comparatively clear 
supernatant fluid. 

Precipitin tests were made on the blood of ninety-eight marasmic 
infants. The patients in this group all showed the signs characteristic 


15. All of the dilutions were not used in every test. In some instances, the 
) 


1:50 or the 1: 1000 dilution was omitted. Tests with 0.2 c.c. of serum were not 
made in all cases, owing to the fact that it often seemed unjustifiable to with- 
draw the larger amount of blood required. 
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of marasmus. They presented the typical appearance and were greatly 
under weight. A number had a history of preceding digestive dis- 
turbances, usually vomiting or diarrhea. During the period of obser- 
vation, symptoms were not common. Vomiting or diarrhea occurred 
in a few; also attacks of upper respiratory infections, common in 
infants’ wards. During the investigation, the infants were fed dilu- 
tions of milk or lactic acid milk supplying from 60 to 90 calories a 
pound. 

The precipitin test was positive at some time in eighty of the ninety- 
eight infants examined. In the positive cases, precipitins were detected 
in only a small proportion of the total number of tests, but in practically 
all, the test was at some time from + + to + + + +. Control 
tests often repeated indicate that precipitins to cow’s milk are not 
present in normal individuals. Tests on nineteen adults or older 
children were all negative. Blood from twelve new-born infants or 
infants entirely breast fed were negative. Placental blood from four 
new-born infants was negative. We have not been able thus far to 
make control tests on normal, thriving infants, but we have plans for 
obtaining such material in the near future. Of great value as controls 
are the numerous negative findings obtained on the patients investi- 
gated, and especially those in which there is a disappearance of the 
precipitin after a period of gain in weight. None of these infants 
showed any of the usual manifestations of allergy, such as asthma, 
urticaria or eczema. At previous times, cutaneous tests with milk pro- 
tein had been made on approximately 100 marasmic infants, with neg- 
ative results. Such tests were made on twenty-four of the marasmic 
infants showing marked precipitin reactions, and none of the reactions 
was positive. 

The attempt has been made to correlate the presence of precipitins 
with the general condition of the patient. As a rule, precipitins to cow’s 
milk protein were absent during the period when the weight was 
stationary and usually appeared when the weight began to increase. 
This relationship was not invariable but was true in a sufficient number 
of cases to suggest strongly that it was real, not merely coincidental. 
In none of the cases was there any important alteration in the food 
during the period of stationary weight and the period of weight increase. 
In the greater number of cases, the food was the same during the two 
periods. In most cases in which it was possible to conduct observations 
over a long period of time, it was found that, after a period of gain in 
weight precipitins disappeared entirely. The relationship between the 


presence of precipitins and the weight curve is shown in the tabulation 


of seventeen cases in Table 1. 
For purposes of further illustration, ten cases will be discussed. 





TABE 1.—Relation of the Presence of Precipitin in the Blood of 
Marasmic Infants to the Gain in Weight 





Case Date Precipi- Food* Progress Notes 
and Age tins 
J; G. 11/22/21 eae W. M. dil. | Typical marasmie infant; weight 6% Ib. 
1 mo. 11/30/21 wee P.M. | Diarrhea; vomiting; food refused 
1/ 2/22 ee W. M. dil. | Improved; stools normal; weight, 6 14/106 Ib. 
1/25/22 : W. L. A. M. | Improved; stocls normal; weight, 7 lb. 
2/ 6/22 4- W. M. dil. | Doing well; stools normal; weight, 7% Ib. 
2/10/22 3+ y.M. dil. | Doing well; weight 7% Ib. 
2/21/22 2+ y. M. dil. | Gaining steadily; weight 8 Ib. 
y. M. dil. Doing well; weight, 8% Ib. 
’.M. dil. | Discharged, well; weight, 8% Ib. 





. dil. | Typical marasmic infant; weight, 42°/16 Ib. 
; ae Stools loose 
& 4 Improved; stools normal; weight, 4% Ib 
General] condition improved; weight climbing daily, 
5% Ib. 
Diarrhea; losing weight rapidly, 4% Ib. 
Doing well; gaining slowly, 5 Ib. 
Gaining rapidly, 511/16 Ib. 
Gaintng rapidly, total of 1 Ib. in 2 weeks 
Upper respiratory infection; losing weight 
General condition improved; weight, 7 Ib 
Doing well; a gain of 11 oz. in 1 week 
W. M. dil Discharged, well 
11/29/21 “is W.M.dil. | Typical marasmic; harelip; weight, 6* 16 Ib 
12/24/21 : W. L. A. M. | Otitis media; refusing food; losing weight 
2/10/22 3+ W. L. A. M. | Doing better; weight, 62/15 Ib 
2/24/22 - W. L.A. M. Gaining steadily, 611/16 Ib. 
3+ W.L. A.M. Gaining steadily, 7 Ib 
W.L. A.M. Gaining steadily, 71*/16 lb. 
W.L. A.M. Doing well; weight, 829/16 Ib 
W. L. A. M. | Doing well; weight increasing steadily 
W.M. dil. Gaining steadily, 92°/i:6 Ib 
W. M. dil Gaining steadily, 10 lb 
W. M. dil Discharged, well, for operation 


W. M. dil Typical marasmic infant; harelip; weight, 
W. M. dil. Doing badly: refusing food; vomiting: weight 
D. M. General condition improved: weight, 6% Ib 

 ' Diarrhea: losing rapidly, weight, 644 Ib 
2. mm General condition improved; stools normal; 
6% Ib. 
P. M. Doing well; gaining; weight, 61% 16 Ib 
’.L. A.M. Doing well; gaining weight 
W.L. A.M. Impetigo: weight, 8 Ib 
W. L. A. M. | General condition greatly improved: weight 
W. M. di Discharged 
W. M. dil. | Typica] marasmic infant; weight, ¥2 Ib 
W. M. dil. | Doing very well; weight, 912/16 Ib. 
se A Doing very well; weight, 10 lb 
B. F. Doing very well; weight, 10% Ib 
W.M.dil. Doing very well 
W. M. dil Discharged. well 


W. M. dil Mild diarrhea prior to admission; weight, 6% Ib 
W. M. dil. | Doing very well: weight, 7% Ib. 
camara Discharged, well 
P. Mi. Readmitted: diarrhea; weight, 7 Ib. 
P.M. Doing well: stools normal; weight, 6%/16 Ib. 
W. M. dil. Doing well: gaining weight steadily: weight, 7 Ib. 
W. M. dil Marasmic infant: harelip: weight, 64 Ib. 
W.M. dil. Doing well: gaining steadily 
Doing well: gaining steadily 
Doing well; weight climbing rapidly 
Discharged 
10/26/22 ae . M. Marasmic infant; weight, 5'4 Ib. 
10/30/22 ». M. Weight stationary 
12/ 2/22 a P. M. Diarrhea; dehydrated; weight, 5% Ib. 
12/24/22 7. L. A.M. | Doing well: weight climbing steadily, 5% Ib 
2) 6/23 ’. L. A. M.| Doing well; weight climbing steadily, 714 Ib. 


2/14/23 adie ale ae Died of bronchopneumonia 





11/19/22 ) y. M. Marasmic infant; mild diarrhea; weight. 5% Ib 
1/ 2/28 3- W.L.A.M. Doing well; gaining steadily; weight, 6 Ib. 
3 3+ W. L. A.M.) Very mild diarrhea 
W. L.A. M. | Doing well; gaining steadily; weight, 6% Ib. 
W. L.A. M. | Doing well; gaining steadily; weight, 8 Ib 
W.M. dil. Doing well; gaining steadily: weight, 84 Ib. 
W. M. dil. | Discharged, well; weight, 8% Ib. 





TaBieE 1.—Relation of the Presence of Precipitin. in the Blood of 
Varasmic Infants to the Gain in W eight—( Continued) 


Case Date Precipi- Food Progress Notes 
and Age tins 


E. W 11/ 7/22 P.M Severe malnutrition; mild diarrhea; weight, 8 Ib. 
1 mo rs ) oJ Diarrhea persists; weight stationary 
‘ : Doing well; weight, 9 Ib. 
Acutely dehydrated; severe malnutrition; weight, 
6 Ib. 
Doing well; rapid recovery; weight, 6% Ib. 
Doing well; weight, 644/16 Ib. 
Doing very well; weight, 74 lb. 
Doing very well; weight 7 14/16 Ib. 
Doing very well; weight, 8 2/16 Ib. 
Doing very well; weight, 8°%/16 Ib. 
Doing very well; weight, 9 Ib. 
Doing very well; weight, 92/16 Ib. 
Discharged, well 


Severe malnutrition: weight, 57 
Doing well; weight, 6 Ib. 

Doing well except for O. M.; weight, 

O. M.; weight stationary 

Doing well; weight, 6°/16 Ib. 

Doing well; weight, 6 °/ Ib. 

Doing well; weight, 6147/16 Ib. 

Doing well; weight 714 lb.; discharged, well 

Mild diarrhea prior to admission; weight, 6% Ib. 
Stools normal; weight, 6% Ib 

Diarrhea; losing weight; weight, 6% Ib. 

Stools normal; general condition improved 
Diarrhea; weight on decline, 6 lb 
Improved; stools normal 

Doing well: weight, 7 

Doing well: weight, 7%4 

Doing well; weight, 7 


Typical marasmie infant; we 

Doing well: weight 85/16 Ib 

Doing well: weight, 9% Ib 

Doir well: weight 10 Ib. 

Discharged, well; weight, 1014 lb 
jiarrhea; marasmie infant; weight, 7 


I 
Doing well; weight, 7 16 Ib. 
Diarrhea; weight, ¢ 16 Ib 

Doing better; weight stationary, 61 
Weight stationary, 61! lb. 
Doing well; weight, 7% lt 
Doing well 

Gaining rapidly; weig! 
Gaining rapidly; weig! 
Gaining rapidly; weig 
Discharged, well; 


) 


Markedly malnourished; 
Weight stationary 

Weight on decline, 7% Ib. 
Weight increasing steadily, 
Weight increasing steadily, 
Diarrhea; weight on decline, 
Diarrhea persists 

Stools normal 

Improving; weight, 8% 
Doing well; weight, 8% 
Doing well; weight, 9 Ib. 
Doing well; weight, 9? 
Doing well: weight, 9% 
Doing well: weight, 9° 
Doing well; weight, 91 


Typical marasmic; weight, ¢ 
Doing well; weight, 614/16 Ib 
Vomiting; weight stationary 
Weight stationary for 10 days 
Weight stationary for 2 weeks 
Gaining steadily; weight, 71°/1« Ib 

I Doing poorly; weight stationary 

I Stools loose; weight, 8 Ib 

ye Stools normal; weight, 7% Ib. 

L.A. ] Gaining for past 4 days; weight, 8% Ib. 

I Doing well; weight, 81°/16 lb 

i A. Doing well; weight, 9 Ib 

M. dil Doing well; weight, 10 Ib 

5/15/23 W. M. dil Discharged; weight, 10% Ib. 


P. M., protein milk; D. M.. dried milk: B. M., breast milk; W. L. A. M.. 
M. d d 


* W.M., whole milk; 
Ww ted whole milk; O. M., otitis media 


whole lactic acid milk; 
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REPORT OF CASES 


Case 1.—A. K., aged 3 months, admitted to the surgical service of the 
Children’s Hospital, October 19, who at birth weighed 7 pounds (3,175 gm.), 
on admission weighed 6 pounds (2,727 gm.). The patient was operated on for 
pyloric stenosis, and was discharged, November 3. November 10, the infant 
was readmitted to the hospital on account of failure to gain and vomiting. In 
the hospital, diarrhea developed, and the patient was transferred to the medical 
service, December 14. December 18, the diarrhea had ceased and the precipitin 
test was strong positive. The results of the subsequent tests are shown in 
Figure 1. 


As indicated by Figure 1, the patient’s blood contained precipitin to 
cow’s milk during the period of gain. The precipitin diminished, and at 
the time of discharge had disappeared entirely. December 28, a 
guinea-pig was sensitized passively to cow’s milk by injection of the 
patient’s blood according to a technic to be described further on. 


Case 2.—W. S., aged 3 months, admitted February 19, weighing 7 pounds and 
7 ounces (3,373 gm.), at birth weighed 7 pounds (3,175 gm.). The patient had a 
hare lip and cleft palate. He was never nursed, but was fed on dilutions ot 
whole milk from birth. He manifested all the signs of marasmus. Figure 2 gives 
the data of importance. 


As shown in Figure 2, the patient gained very rapidly and the 


hlood contained very marked precipitin to cow’s milk. February 25, a 
positive Dale test was obtained from the uterus of a guinea-pig which 
had been injected with the patient’s blood on the previous day. Just 
efore the patient’s discharge, the precipitin had diminished. The gain 
n weight continued steadily, and, May 16, the precipitin reaction was 
negative. 

Case 3.—F. S., aged 7 weeks, admitted, November 10, weighed 5 pounds and 
ounces (2,371 gm.) at birth. He was breast fed entirely for one week and 
as then given mixed feedings. There was no history of diarrhea, but there 
as occasionally vomiting. The infant was very emaciated, weighing 5 pounds 
nd 9 ounces (2,493 gm.) 

The important data are shown in Figure 3. During the period of 

stationary weight, precipitin to cow’s milk was absent from the blood. 
\Vhen the weight began to increase, precipitins were present. 


Case 4.—D. L., aged 2 months, admitted, March 21, weighing 4 pounds and 
10 ounces (2,098 gm.), was never breast fed, but was given dilutions of whole 

ilk from birth. The infant did not gain in weight, presenting a picture o! 
extreme malnutrition. 


The weight curve (Fig. 4) shows that the blood contained pre- 
cipitin during the period of rapid gain. April 25, precipitins were 
absent, 


Case 5.—D. M., aged 3 months, admitted, February 14, weighing 4 pounds 
and 15 ounces (2,240 gm.), at birth weighed 5% pounds (1,495 gm.). The infant 
was breast fed until admission. It nursed well but did not gain, was extremely 
malnourished and presented the usual picture of marasmus. 


ib mole it RNR 
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Precipitins were present during the period of rapid gain 
ppeared with continued improvement 
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Fig. 2 (Case 2).—Precipitins were present during the period of rapid gain 
in weight, and disappeared with continued improvement. A record of the Dale 
test is shown in Figure 17. 
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a 


Fig. 3 (Case 3).—Precipitins were absent during the period of stationary 
weight and subsequently appeared, coincidently with gain in weight. 





Fig. 4 (Case 4).—Precipitins were present during the period of gain in 
weight and disappeared with continued improvement. 
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Figure 5 shows the absence of precipitins during the period of 
stationary weight, and their presence when the weight began to increase. 
Later, the precipitins diminished and then disappeared, but were again 
present, April 25. 

Case 6.—J. T., aged 6 months, admitted, April 17, weighing 9 pounds and 
ounces (4,252 gm.), was breast fed for three months, and was then given a 
whole milk dilution, whereupon vomiting and loss of weight occurred. He was 
then fed undiluted whole milk, with continuation of the symptoms. The state 
f nourishment was extremely poor. The infant was then fed dilutions of whole 
ilk. The weight curve is shown in Figure 6. Precipitins were present in the 


od at first, and later disappeared. 


\ point of special interest illustrated by this case is the close 


correspondence between the precipitin tests and the anaphylactic tests. 


Feb! Mar | | ; Ajpest 
14 16/18 2022 28.2 4/6 8 10 12)i4 1618 tS £17 9 wm BSI 19 211252527, 





i. | Cl | S 


* Thaljvhea —sep note 








Fig. 3 (( 5 Preciy were absent during the period of stationary 
ight, also in the course of an intercurrent diarrhea. Antibody appeared 
subsequently when the child was gaining in weight. 





\t the times the blood contained precipitins, it was possible passively 


to sensitize guinea-pigs by injections of the patient’s blood. On the 
two occasions when the blood contained no precipitins passive sensitiza- 
tion experiments were negative. 


Case 7.—S. N., aged 1 day, admitted, February 26, was afflicted with a hare 
eft palate. The weight was 7 pounds and 9 ounces (3,430 gm.) Until 
March 12, the infant was fed human milk entirely, on which date she was given 
one feeding of diluted cow’s milk. On breast milk two precipitin tests were 
entirely negative, and a third test six days after beginning cow’s milk was also 





| * West itere [TT TTT 


negative. As shown in Figure 7, the gain in weight on cow’s milk was accom- 
panied by the development of precipitins to cow’s milk in the patient’s blood. 


Case 8—B. K., aged 22 days, admitted, March 3, weighing 5 pounds and 
unces (2,353 gm.), was premature, weighing 5 pounds and 12 ounces (2,608 


Lit > mys Rill. 
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Fig. 6 (Case 6).—Relationship between the presence of precipitins and gain 
n weight; disappearance of reaction bodies with continued improvement. This 
hart illustrates further the parallelism between the precipitin tests and animal 
xperiments. 
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Fig. 7 (Case 7).—Precipitins were absent during the period of stationary 
weight and appeared when the child was gaining weight. 
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Fig. 8. (Case 8).—Relationship of precipitin to gain in weight; disappearance 
of precipitin with continued improvement. 
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Fig. 9 (Case 9).—Precipitins were present during the period of gain; dis- 
appeared during diarrhea, and reappeared coincident with recovery and further 
gain in weight. 
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gm.) at birth. He had never been breast fed, and was very emaciated, but 
thrived on a whole milk dilution. The data are shown in Figure 8 On 
admission, the blood contained no precipitin. Subsequently, precipitins appeared, 
then diminished and finally disappeared. 

Case 9.—A. G., aged 2 months, admitted, February 5, weighing 6 pounds and 
6 ounces (2,898 gm.), had never been breast fed but had been given formulas 
made from dilutions of whole milk. She had a cleft palate and a hare lip. 
Feeding had been difficult, and was complicated by refusal of food and vomiting. 
Emaciation was marked, with the usual signs of marasmus. The data are 
given in Figure 9, 


The disappearance of precipitins from the blood of this patient 
during diarrhea is shown by the test on February 11. This has been 


practically a constant finding whenever diarrhea has occurred in a 
patient under investigation. Its significance will be discussed in a 


es vhea — note 


Fig. 10 (Case 10).—Relationship between precipitin and gain in weight. In 
this case, as in Cases 3, 5 and 9, the precipitins were absent during an inter- 
irrent attack of diarrhea and reappeared with recovery and gain in weight. 


later communication. April 18, a passive sensitization test was positive. 
‘igure 9 further illustrates the disappearance of the precipitins, at 
vhich time a passive sensitization test was negative. 


Case 10.—E. B., aged 9 months, on admission, March 10, weighed 6 pounds 
and 8 ounces (2,954 gm.). The baby was breast fed for two months, at which 
time it was given dilutions of whole milk. It did not gain and developed mild 
liarrhea, but did well when given a diluted whole milk feeding. April 5, the 
hlood showed the presence of precipitins to cow’s milk, but no cow’s milk 
protein. The infant was discharged from the hospital, April 9. April 23, it 
vas readmitted because of diarrhea of one week’s duration. It was in fair 
‘ondition but had lost 10 ounces (283 gm.) since discharge from the hospital. 
At the time of admission, the blood showed no milk protein and no precipitin 
ior cow’s milk. Two days later, after diarrhea had ceased, the blood contained 
precipitin. Data are given in Figure 10. 
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The results cited demonstrate that the blood of a large number of 
marasmic infants contains precipitin for cow’s milk. From immunologic 
data, it seems well established that specific precipitins to protein 
represent a response on the part of organisms to the entrance of 
foreign protein into the body fluids. On this basis, it would seem safe 
to assume that, in marasmic infants receiving cow’s milk, undigested 
or partly digested protein had been absorbed, and, entering the blood, 


caused the production of precipitins. 


TESTS FOR ANAPHYLACTIC ANTIBODY IN THE BLOOD 


OF MARASMIC INFANTS 
y precipitin to a foreign protein is often capable 


Blood containing 


of passively sensitizing to that protein another animal of the same 
or related species. In other words, the antibody causing precipitation 
and the anaphylactic antibody are either identical or usually occur in 
association. There has been considerable discussion concerning the 
identity or nonidentity of the anaphylactic and the precipitating anti- 


ae ee) 


body, which we shall not enter at this time." 

(owing to the marked precipitin formation observed in marasmic 
infants, it seemed of interest and importance to ascertain whether the 
blood containing precipitin would passively sensitize guinea-pigs to 
cow’s milk protein. Tests were made by injecting into a guinea-pig, 
intraperitoneally, from 2 to 5 c.c. of the blood to be tested, and twenty- 
four hours later giving the animal from 0.25 to 1 cc. of milk: by 
intravenous injection. If the injected blood contained the anaphylactic 
antibody in sufficient amount, one might expect the treated animal t 
develop symptoms of anaphylactic shock. 

Thirty such tests were made, the blood from marasmic infants 
showing marked precipitin formation being employed. In fourteen 
instances, the animal developed severe symptoms of anaphylactic shock. 
In four tests, the animals developed symptoms suggestive of anaphy- 
lactic shock, but not of sufficient severity to be considered unequivocal 


The disturbances shown by the first mentioned animals were typical, 





and death within five minutes occurred in nine. The other animal: 
developed severe symptoms, -but recovered gradually in the manner 
usual in nonfatal anaphylactic shock. The postmortem examination 
on the animals dying of anaphylactic shock and those sacrificed during 
severe shock revealed the characteristic distension of the lungs. 

It has been shown by a number of observers that the intravenous 
injection of various substances may cause symptoms in guinea-pigs 


16. The literature has recently been reviewd by Longcope (Footnote 4, second 
reference) and by Wells: Physiol. Rev. 1:44, 1921. 
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which are practically identical with those of anaphylactic shock. Karsner 
and Hanslik and Wetterman*? have shown that this anaphylactoid 
reaction is due to pulmonary thrombosis. In recognition of the possi- 
bility that we were dealing with this type of reaction, the lungs of a 
number of the animals were examined for the presence of thrombi, 
but with entirely negative results. Our observations were also carefully 
controlled. The amount of milk given by intravenous injection caused 
no symptoms when administered to normal guinea-pigs or to those pre- 
viously treated with normal human blood. Further control of data of 
importance are furnished by thirty-seven tests in which blood not 
containing precipitin was used. In none of these did the blood pas- 
sively sensitize a guinea-pig to cow’s milk. 

It, therefore, seems established that the blood of marasmic infants 
not only contains precipitin for cow’s milk but also may be capable of 
passively sensitizing guinea-pigs to cow’s milk. 

Probably the most clear-cut evidence of anaphylaxis obtainable at 
present is to be had by means of the method of Dale. Schultz found 
that the intestine of a sensitized guinea-pig contracted markedly when 
brought into contact with the antigen to which the animal was sensi- 
tized. Dale ** elaborated the method and used the uterus of a virgin 
guinea-pig. By this means, a graphic record of the uterine contraction 
ould be recorded on a smoked drum by a lever attached to the uterine 
horn. 

Our tests were made by giving a female guinea-pig an intra- 
peritoneal injection of from 2.5 to 5 c.c. of the blood to be investi- 
gated.° Twenty-four hours later, the animal was killed; and one 
§ the uterine horns was immersed in oxygenated Locke’s solution 
and connected with a lever writing on a smoked drum revolving very 
slowly. When the uterus assumed a regular rate of contraction, 0.25 
-.c. of milk was added to the Locke’s solution. In four instances, the 
lood of infants containing precipitin to cow’s milk passively sensitized 


guinea-pigs sufficiently to give a positive Dale test. Three of the 


17. Karsner and Hanslik: Further Observations on Anaphylactoid Phe- 
omena from Various Agents, Including Histamine, Proc. Soc. Exper. Biol. & 
Med. 19:302, 1922; Anaphylactoid Phenomena from the Intravenous Administra- 
tion of Various Colloids, etc., J. Pharmacol. & Exper. Therap. 14:379 (Jan.) 
1920; Effects of Various Colloids and Other Agents on Bronchi or Perfused 
Lungs, J. Pharmacol. & Exper. Therap. 14:449 (Feb.) 1920. Hanzlik, Karsner 
and Wetterman: Anaphylactoid Phenomena from Thromboplastic Agents, ] 
Pharmacol. & Exper. Therap. 14:229 (Nov.) 1919. 

18. Dale: J. Pharmacol. & Exper. Therap. 4:167, 1913. 

19. Recently, we have used from 2 to 3 c.c. of inactivated serum for this 
purpose. 
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records are shown in Figures 12, 13 and 14. In Figure 11 a positive 
control is shown. The guinea-pig had received an injection of 2 c.c. 
of anti-milk rabbit serum twenty-four hours before the test. The 
record shows the uterine contraction after the addition of 0.25 c.c. 
of milk to the Locke’s solution in which the uterus was immersed. In 


all of these experiments, the uterine contraction was complete. These 


tests have been adequatedly controlled. The addition of 0.25 cc. of 
milk will not cause the contraction of the uterine horn of an untreated 





{ 
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Figure 11 Figure 12 








Fig. 11 (Case 11).—Positive Dale test (control). A guinea-pig was pas- 
sively sensitized by an injection of 2 c.c. of anti-milk rabbit serum; 0.25 c.c. of 
milk (0.012 gm. of casein) added at the point designated C.M. produced com- 
plete contraction. The time is indicated in minutes. 


Fig. 12 (Case R. D.).—Positive Dale test. A guinea-pig was passively 
sensitized by an injection of 3.5 c.c. of citrated blood; 0.25 c.c. of milk (0.012 
gm. of casein) added at point designated C.M. produced complete contraction. 
Precipitins were 4 plus. The time is indicated in minutes. 
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guinea-pig. During the course of these observations, we have obtained 
controls showing that normal human blood will not sensitize the uterus 
of a guinea-pig to cow’s milk. 


THE ABSORPTION OF UNDIGESTED OR PARTIALLY DIGESTED PROTEIN 


A question which is fundamental to a proper appreciation of the 
whole process concerns the factors which determine the passage of 





Figure 13 Figure 14 
Fig. 13 (Case W. S.).—Positive Dale test. A guinea-pig was passively 
ensitized by an injection of 4 c.c. of citrated blood; 0.25 c.c. of milk (0.012 
gm. of casein) added at point designated C.M. produced complete contraction. 
Precipitins were 4 plus. The time is indicated in minutes. 


Fig. 14 (Case B. C.).—Positive Dale test. A guinea-pig was passively 
sensitized by an injection of 2.5 c.c. of serum (inactivated by incubation at 56 C. 
for one hour); 0.25 c.c. of milk (0.012 gm. of casein) added at point desig- 
nated C.M. produced complete contraction. Precipitins were 4 plus. The time 
is indicated in minutes. 
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antigenic protein through the intestinal wall. Is this of frequent 
occurrence in young infants, or is it due to some abnormality of 
intestinal structure of function? The data available at present are 
insufficient to enable us to discuss the question with assurance, par- 
ticularly in reference to the first mentioned possibility. This phase of 
the problem is at the present time under investigation, to which it is 
well adapted. Concerning the passage under abnormal conditions of 
unaltered protein or of protein with antigenic properties, we have some 
data of importance. Lust, Schloss and Worthen and others have 


observed that in diarrhea the intestine is apt to be permeable to antigenic 


L i 


protein. Certain data obtained in the present investigation confirm 
these earlier results. The blood of infants with diarrhea was exam- 
ined by means of the precipitin test, and also by means of the ana- 
phylactic test, for the presence of milk protein. The precipitin test was 
carried out by diluting 0.1 c.c. and 0.2 c.c. of the patient’s blood serum 
to 1 c.c. with physiologic sodium chlorid solution and adding to this 0.1 
f anti-milk rabbit serum of a titer above 1: 1,000. The tubes were 

incubated and read in the 
described previously. Controls were made of the patient’s serum sim- 
diluted, but with the addition of normal rabbit serum and of 
2:10 dilutions of normal human serum with the addition of 


anti-milk rabbit serum. 


Che anaphylactic tests were carried out by injecting from 2 to 5 c.c. 


of citrated blood into the peritoneal cavity of a guinea-pig and, giving 
after an interval of from nineteen to twenty-one days, an intravenous 
injection of from 0.25 to 1 c.c. of milk. If the blood contained cow’s 
milk protein, it might be expected that the guinea-pig would become 
sensitized so that an injection of milk at the end of three weeks would 
cause anaphylactic shock. Precipitin tests for cow’s milk protein were 
made in thirty-three cases of severe diarrhea, with positive results in 
eight. During the course of the investigation, precipitin tests for 
cow’s milk protein (antigen) were made on thirty marasmic infants 
All of these tests were negative, indicating that the amount of cow’s 
milk protein detectable by our technic does not appear in the blood 
stream of these patients.*° These cases serve as negative controls. 
The anaphylactic test for miik protein was carried out in thirty 
three cases of severe diarrhea. The results were positive in seventeen 
cases and negative in sixteen. The animals developed severe and 
20. In order to obtain serum sufficiently free from turbidity, it is necessary 
to obtain the blood after a fast of eight hours. It seems possible that, if a 
small amount of protein were absorbed in an unaltered form, it might become 
so diminished in this time that it could not be detected. The same would seem 


to apply to the cases of diarrhea. These patients were not fasted intentionally, 
but many refused food or vomited or had been given no milk for several hours. 
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unquestionable symptoms. Five of the animals died within five minutes 
and showed typical signs on postmortem examination. For the purpose 
of detecting antigen in the blood, it seems that the anaphylactic test 
was more delicate than the precipitin test as we performed it. As a 
rule, in the cases showing a positive precipitin reaction, the anaphylac- 
tic test was also positive. There was only one exception. These 
results show that, in at least a considerable number of cases of diar- 
rhea, milk protein passes through the intestinal wall and enters the 
blood and body fluids. 


THE APPEARANCE OF PRECIPITIN TO COW'S MILK IN THE BLOOD 
FOLLOWING THE ABSORPTION OF ANTIGENIC PROTEIN 


It seems of importance to determine, if possible, whether the milk 
protein absorbed during diarrhea causes the appearance of antibodies. 
[f this is true, it may offer an explanation for the presence of antibodies 
in some cases of marasmus. In marasmic infants, there is not infre- 
quently a history of diarrhea, and at times there are recurring attacks. 
\Ve have some data which bear directly on this question. Observations 
in seventeen cases of diarrhea showed no precipitin during the attack, 
and precipitins were present in all from ten to fourteen days after the 
diarrhea had subsided. Tests for milk protein in the patient’s blood 
were made during the diarrhea in thirteen of these cases. The results 
were positive in eight cases, questionable in three, and negative in two. 
\t the time the blood contained precipitin for cow’s milk, the attempt 
was made passively to sensitize guinea-pigs by injections of the patient’s 
blood. The results were positive in five cases. 

Four cases in which it was possible to demonstrate the presence 
f milk protein in the blood during diarrhea and later to detect the 
presence of precipitins will be cited in illustration. 


Case 11—A. D., aged 6 months, admitted, August 9, weighing 7 pounds and 
» ounces (3,345 gm.), had had diarrhea of fourteen days’ duration. The stools 
vere green and watery. The feedings since birth had been dilutions of whole 
milk. The infant on admission was very poorly nourished and dehydrated, with 
toxic symptoms. On admission, the blood contained milk protein, but no 
‘recipitin to cow’s milk. The diarrhea improved, and about a month later the 
lood contained precipitin to cow’s milk. Data are given in Figure 15. 


Case 12.—A. M., aged 2 months, admitted, March 13, weighing 8 pounds and 
3 ounces (3,714 gm.), at birth weighed 8 pounds (3,629 gm.). The patient had 
been breast fed for one month and was then given feedings of diluted whole 
milk in addition. Three days before admission, diarrhea developed, accom- 
panied by vomiting, refusal of food and convulsions. On admission, there was 
marked dehydration. Data are given in Figure 16. 


On admission, the blood (Case 12, Fig. 16) contained no precipitin, 
but did show antigen by the precipitin test. The latter result was con- 
firmed by an anaphylactic test. Eleven days after the positive antigen 
test, the blood showed precipitin to cow’s milk. 
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Fig. 15 (Case 11).—Precipitin was absent and antigen present, the latter 
being confirmed by animal experiment, during severe diarrhea with dehydration 
and pronounced toxic signs. There was development of precipitin two weeks 


later, coincident with recovery and gain in weight. 
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Fig. 16 (Case 12).—Precipitin was absent and antigen present during severe 
diarrhea. Precipitin appeared eleven days later, coincidently with recovery. 
In this case, the antigen test was confirmed by animal experiment. 
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Fig. 17 (Case 13).—Precipitin was absent and antigen present during severe 
diarrhea. Precipitin appeared eighteen days later. In this case, both the antigen 
tests on admission and the precipitin tests at the time of discharge were con- 
firmed by animal experiments. 


Fig. 18 (Case 14).—Precipitin was absent and antigen present during severe 
diarrhea. This case was the only one in which the finding of antigen was not 
confirmed by animal experiments. 
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Case 13.—M. H., aged 3 months, admitted, April 20, weighing 8 pounds and 
12 ounces (3,969 gm.), at birth weighed 8 pounds (3,629 gm.). The infant was 
breast fed for two weeks, then given whole milk dilution. Three days before 
admission, diarrhea developed, accompanied by vomiting and refusal of food. 
[he infant was in poor condition, and was dehydrated and toxic. Data are 
given in Figure 17. 

(in admission, the blood showed the presence of milk protein by the 
precipitin test. This was confirmed by injecting the patient’s blood 
into a guinea-pig, which developed anaphylactic shock three weeks 
later when given an injection of milk. Antibody (precipitin) to cow’s 
milk was absent on admission, but was present on examination eighteen 
days later. This case illustrates the presence of antigen and absence 
of antibody. 

+, aged 7 months, admitted, July 11, weighing 9 pounds and 10 
-d three months and was then given diluted 

it refused food; vomited, and developed 

green, and the patient was acutely ill on 


As shown by Figure 18, this patient’s blood contained antigen but 
no antibody on admission. Seventeen days later, the blood contained 
precipitin to cow’s milk. 

COMMENT 


1 


results cited in this communication justify the belief that the 
most marasmic infants contains precipitin to cow’s milk. In 

any cases, the blood of the patient has the property of passively 
sensitizing guinea-pigs to cow’s milk, thus demonstrating the presence 
also of the anaphylactic antibody. ,A question which we should like 
is whether the entrance of foreign protein into the blood 

any causative relationship to the nutritional disorder. 

lo not feel that we have at the present time sufficient data to discuss 


lis question with assurance or to estimate the practical importance of 


he presence of precipitin to cow’s milk in the blood of marasmic 
infants. To speculate briefly on the subject is not unwarranted. 
It is generally believed that the occurrence in the blood of precipitin 
for protein represents a protective reaction elicited by the entrance of 
foreign protein into the blood stream. In experimental animals, 
repeated injections of foreign protein cause the formation of precipitin 
for that protein; and after the injections are suspended, the precipitin 
gradually disappears. Of special interest are the observations derived 
from anaphylactic experiments on guinea-pigs. When the sensitization 
is greatest, there is little or no precipitin in the circulating blood. When 
precipitin appears, the animal is relatively insensitive, although its blood 
is capable of passively sensitizing another animal.*?. This is quite in 
21. Wells, H. G.: The Present Status of the Problems of Anaphylaxis, 
Physiol. Rev. 1:44 (Jan.) 1921 
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accord with the cellular theory of anaphylaxis (Dale). It is a sugges- 
tive fact that marasmic infants are apt to show precipitin to cow’s milk 
in their blood only at the time when they begin to gain in weight, and 
that after a period of gain, the precipitin disappears. During the period 
when the infant fails to gain, foreign protein may be entering the blood 
stream in sufficient amounts to cause disturbances. This protein may 
cause the gradual production of precipitin, which, when produced in 
sufficient amount, will eliminate the effect of the foreign protein. A 
gain in weight then ensues. With the improvement in the patient’s 
general condition, the intestinal tract becomes impermeable to undi- 
ligested or incompletely digested protein and the precipitin disappears 
from the blood.** To put this hypothesis on a substantial basis, it 
would be necessary to show in many individual cases that foreign pro- 
tein is absorbed by marasmic infants during the period of stationary 
weight and that the subsequent appearance of precipitin is correlated 
losely with the clinical improvement of the patient. Part of this evi- 
lence is available, but as yet we have not demonstrated directly the 
absorption of foreign protein during the acute stage of marasmus, 
ilthough the results of previous work indicate that such absorption is 
ikely to occur.** Moreover, the presence of precipitin to cow’s milk pro- 
ein in the blood of marasmic infants almost certainly indicates that 

w’s milk protein with antigenic properties has entered the blood 
tream at some time. We have shown directly, however, that foreign 


rotein is absorbed during diarrhea, and that such absorption is fol- 


ved by the appearance of precipitin and the anaphylactic antibody. 

some cases of marasmus, the development of antibodies in the blood 
ay follow a previous attack of diarrhea. It is possible that therapeu- 
‘ tests may give useful evidence bearing on the clinical importance of 

absorption of antigenic protein by marasmic infants. 

We have put forth this hypothesis mainly to illustrate that it is not 
possible that the absorption of foreign protein may play a role in 
e causation of marasmus. This view is in accord with many clinical 

bservations. 


22. There is another interpretation for these data. It is possible that a small 


unt of precipitin may be present during the period of stationary weight, but 
not detected owing to its rapid combination with the foreign protein which 
bsorbed from the bowel and in this way is removed from the blood. Also 
is possible that the detection of precipitin during the period of gain may not 
due to its appearance at this time but to the fact that the intestine no longer 
permits the passage of milk protein. In this event, the precipitin, which rapidly 
ymbined with the foreign protein during the period of stationary weight, would 
w be free in the blood and readily detectable by the precipitin test. 
23. The failure to demonstrate antigen in cases of marasmus may be due 
to the fact that the antigen is rapidly combined with precipitin and thus removed 
from the blood as quickly as it is absorbed (compare Footnote 20). 
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It is conceivable, on the other hand, that the presence in the blood 
of marasmic infants of reaction bodies to cow’s milk protein may be 


merely indicative of the incidental entrance of cow’s milk protein into 
the blood stream owing to a temporary change in the intestine and 
may have no special etiologic significance. Fortunately, this problem 
is admirably adapted to investigation, which we are conducting at the 


present time. 
SUMMARY 

The blood of ninety-eight marasmic infants was examined by a 
special technic for precipitin to cow’s milk. The test was positive in 
eighty subjects. Precipitin was not present in the blood at all times, 
but in some cases it was found in only a relatively small number out 
of the total examinations. ; 

The attempt was made passively to sensitize guinea-pigs to cow’s 
milk by the injection of the blood of marasmic infants which contained 
precipitin. Thirty such tests were made. Fourteen were positive, four 
doubtful and twelve negative. In for cases it was possible to obtain 
evidence of passive sensitization by means of the technic of Dale. 

During the course of diarrhea, it was possible to demonstrate the 
absorption of antigenic cow’s milk protein, and later to observe the 
appearance of precipitin to cow’s milk in the blood. 


125 East Seventy-Second Street. 
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Artificially fed infants produce only a small amount of hydrochloric 
icid during digestion. The amount is not sufficient to show free 
hydrochloric acid, but brings the stomach contents to a hydrogen-ion 
mcentration of, roughly, 1 & 10°°, or py 5.0. The present study was 
undertaken to secure data on the py of the gastric contents of infants; 
to discover the normal range on a given standard meal, and to 
determine the factors which cause the variations of acidity: (1) diges- 
tion time, (2) previous type of feeding, (3) the child’s age, (4) the 
mount of test meal and (5) the concentration. Without this informa- 
ion, we have no basis for the interpretation of the findings of gastric 
analysis in pathologic conditions in infants. Work of this nature has 
‘cently been reported by Davidsohn,' who has reviewed the literature 
nd has also studied some of the factors in gastric physiology. 
This study deals only with the hydrogen-ion concentration of gastric 
intents removed after a test meal. Other aspects of the problem are 

present under investigation. Attempt was made to simulate the 
mal conditions. Therefore, a test meal of milk was merely substi- 
ted for a regular feeding; usually, at 10 a. m., when the child’s last 
eding had been at 6 a. m. 


METHOD 


The Test Meal—A milk meal was desired, and a powdered milk 
preparation, dissolved in distilled water, was selected because its compo- 
sition remained constant and its concentration might be varied at will 
nd was accurately known. The composition is as follows: fat, 12 
per cent.; lactose, 46; protein, 32; salts, 7; moisture, 3. 


* Received for publication, Sept. 10, 1923. 

*From the Department of Pediatrics, Yale University School of Medicine. 

* Work done in this paper was taken in part from the theses submitted by 
Drs. Johnston and Haskins for the degree of Doctor of Medicine, Yale 
University. 

1. Davidsohn, H.: Neuere Arbeiten zur Physiologie u. Pathologie der 
Magenverdauung beim Saugling, Arch. f. Kinderh. 69:142-155 (April) 1921; 
Beitrag zur Physiologie u. Pathologie der Magenverdauung beim Sdaugling, 
ibid. 69:239-244 (April) 1921. 
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The concentration eight parts of powdered milk to 100 parts of 
water was given because it corresponds approximately to skim milk. 
The concentration was doubled and halved, and the results of these 
changes will be considered. What is referred to later, however, as the 
‘standard meal” is in all cases powdered milk eight parts to water 
100 parts. 

The py of this meal as determined colorimetrically from a dialyzate 
and by the hydrogen electrode was 6.2. What the figures for the py 
represent in terms of tenth-normal hydrochloric acid may be estimated 
roughly from the following data on the buffer value of this meal: 
25 c.c. of tenth-normal hydrochloric acid added to a 100 c.c. meal 
changes py 6.2 to py 5.6; 50 cc. of tenth-normal hydrochloric acid 
added to a 100 c.c. meal changes py 6.2 to py 4.8; 80 c.c. of tenth- 
normal hydrochloric acid added to a 100 ¢.c. meal changes py 6.2 to 
Pu 3.5. These values cannot be applied directly to stomach contents, 
because of the interference of undetermined factors, regurgitation, 
secretion, etc.; but they may be considered useful approximations of 
the acid value represented by the px. 

The data obtained are not directly comparable to those in the litera- 
ture obtained after the subject has been fasting and has then been fed 
a meal such as toast and tea. The use of a milk meal involves the 
feeding of a large amount of buffer, so that the values for the acidity 
may seem very low compared to those on a test meal with a small 
amount of buffer. The values are considered to represent the physio- 
logic reaction of the stomach to a normal meal. 

The advantages of this meal over others used in the literature are: 
(1) its constancy and reproducibility—the p, and buffer values are 
known and do not vary from sample to sample as with milk not dried 
2) its low fat values, which cause less digestive difficulty and cause 
more marked differences in the acidity and motility than whole milk 

Technic of Obtaining Samples—With infants fed on a three or 
four hour schedule, the regular meal was omitted and a test meal sub- 
stituted. Since the psychic elements may play a considerable part, we 
made an effort to have the babies as quiet as possible. They were not 
disturbed during the digestive period. The amount of the meal was 
made to correspond roughly to the amount of feeding the child normally 
received, and was 100, 150 or 200 c.c. The estimation of the digestive 
interval was made by taking the mean time of the feeding interval as 
the starting point. When vomiting or refusal of feeding occurred, the 
amount vomited or refused was estimated. In a few instances, it was 
necessary to resort to feeding by gavage. 

At a given interval thereafter, a rubber tube was passed into the 
stomach. In most cases, this resulted in the expulsion through the 
lumen of the tube of a considerable portion of the gastric contents. 
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The remainder was removed by suction secured by the use of a Dakin 
syringe inserted into the free end of the tube. The amount recovered 
was measured. 

In the withdrawal of small portions of contents for a study of the 
influence of digestive time on the py, a nasal catheter was sometimes 
passed, and kept in place during the entire period, samples being with- 
drawn at intervals by suction. It seemed to make no difference whether 
this method were used or whether a separate introduction of the tube 
were made for each sample. 

All apparatus was boiled in distilled water. 

The sample was prepared for analysis by filtration through a Gooch 
crucible mounted in a Witt filtering apparatus,? essentially a suction 
flask with a ground glass cover. The Gooch was made with asbestos, 
washed acid and alkali free, and prepared with distilled water. The 
filtrate was received in a small clean test tube, the necessity of washing 
the contents from a large receptacle being thus eliminated. This 
method is very rapid and gave a clear filtrate. 

Determination of pu by the Colorimetric Method——The py was 
determined by the colorimetric method essentially as described by one 
f us (A. T. S.).8 The indicators used were: brom phenol blue, 0.1 
per cent. in 70 per cent. alcohol, py 3.0-py 4.6; methyl red, 0.1 per 
cent. in 95 per cent alcohol, py 4.6-py 6.2; thymol blue, 0.1 per cent. in 
70 per cent alcohol, py 1.3-py 3.0, py 8.0- pu 9.6. 

Standard solutions were prepared according to the directions given 
by Clark and Lubs. To 2 cc. of a standard solution of known py con- 
\ined in small bottles were added 2 drops of indicator. In similar small 
ottles, 1 c.c. of filtrate and 1 drop of indicator were mixed and com- 
parison made in a color box. Two indicators only were required, 

xcept in very rare instances, brom phenol blue and methyl red. The 
nethyl red standards faded rapidly and had to be made fresh every 
few days. Standards were made up at intervals of 0.2 py. Readings 
in most cases were clear cut to within 0.1 py. Because of the protein, 
salt and opacity factors, the color produced by the indicators occa- 
ionally failed to fit into the standard color series. This difficulty 
arose chiefly with brom phenol blue at about py 4.3. Reading by mer- 
cury vapor light and by compensation helped to correct this difficulty. 
Readings checked by the electrometric method were found to show good 
agreement to within 0.1 py. Ina single case, an error of 0.35 py was 
found. 


2. This may be obtained from Eimer & Amend (No. 2894). 
3. Shohl, A. T., and King, J. H.: Determination of the Acidity of Gastric 
Contents. I. Determination and Significance of Acidity. II. The Colori- 
metric Determination of Free Hydrochloric Acid. III. Combined Acidity and 
Buffer Value, Bull. Johns Hopkins Hospital 31:152 (May) 1920. 
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RESULTS 

The Normal Range of the Hydrogen-Ion Concentration.—Data are 
presented on a study of 227 observations on the py of gastric contents 
of forty-three infants from 3 to 19 months old. All of the infants 
studied in this series were artificially fed. All were in the hospital with 
the exception of those in Cases 136 to 141; these six were in the Babies’ 
Emergency Home, and were considered normal. Nine additional 
infants were considered normal, though hospitalized; e. g., with cases 
of chickenpox in the third week, etc. Accordingly, the determination of 
the normal range, with so many of the subjects subnormal physically, 
is open to criticism. It seemed not unreasonable nor illogical to assume, 
however, that a majority of the cases undergoing treatment for a variety 
of conditions, had a normal gastric acidity, since acutely ill children 
were not included in the series, except those with tetany. 

In the first ninety determinations on the standard meal, removed 
at the end of an hour, irrespective of age, amount fed and disease, cases 
with readings above py 5.0 seem to fall into the following groups: 
(1) tetany cases, early and untreated; (2) a few cases in which an 
unusually large amount could be removed, i. e., cases with a slow 
emptying time; (3) cases of severe illness—acute adenitis, cases accom- 
panied by severe vomiting, a case of hydrocephalus following menin- 
gitis, etc. Excluding these from the present discussion, the normal 
range on this particular meal, for all ages, at sixty minutes, varied from 
py 3.2 to py 5.0, with a majority of them (76 per cent.) between 
pu 3.9 and py 4.6. 

Davidsohn * considers py 5.1 as the normal average for nine infants 
under 4 months on one third milk (variations from 4.1 to 5.8), and for 
nine infants under 4 months on two thirds milk, py 4.9 (with variations 
from 3.1 to 5.6) as the normal average. 

Salge,° Huenekens,® Kronenberg,’ Theile*® and Hess® have all 
found values which roughly correspond with these. We found a 
slightly higher acidity, as could be expected from a skim-milk test meal. 
The exact value cannot be profitably discussed until the variable factors 


have been evaluated. 


4. Davidsohn: Footnote 1, second reference. 
5. Salzsaure im Sauglingsmagen, Ztschr. f. Kinderh. 4:171-173, 


Salge, B.: 
1912. 

6. Huenekens, E. J.: Die Aciditat des Mageninhalts im Saugling und 
Kindesalter bei milch- und fleischhaltiger Probenahrung, Ztschr. f. Kinderh. 
11:297-303, 1914. 

7. Kronenberg, R.: Aziditat und Pepsinverdauung im Sauglingsmagen, 
Ztschr. f. Kinderh. 82:407-422, 1915. 

8. Theile, P.: Ueber die Herstellung bestimmter Aciditatswerte im Saug- 
lingsmagen und deren Einfluss auf die Entleerung, Ztschr. f. Kinderh. 15:318-356, 


1917. 
9. Hess, R.: Die Aziditat des Sauglingsmagens, Ztschr. f. Kinderh. 12: 


409-439, 1915. 
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Error Involved in Fractional Samples——White*® recently showed 
that the acidity of gastric contents, as estimated from small samples 
removed for fractional work, might vary considerably. He considered 
this due to incomplete mixing of acid secretion with the contents of the 
stomach. He concludes: ‘Fractional analysis is only a rough method 
of testing gastric secretion; accidental variation may amount to 50 or 
100 per cent. of the figures obtained. Only gross changes in acidity 
have clinical importance.” 

To confirm this work, a series of seventeen cases was studied, in 
which small amounts of the contents were removed within a few sec- 
onds of one another. The py was determined on a portion of each 
sample; the various samples were then mixed, and the py of the mixed 
specimen obtained. 

Of the seventeen cases, fourteen showed an average variation of 
0.4 pu. Three showed a much greater variation, 1.1, 1.1 and 1.3 py; 
but in all three of these cases, of the six or seven samples removed, all 
but one were fairly consistent, there being in each case one single 
determination markedly different from the others. Thus, the readings 


-- 


vere in one py 5.9, 5.7, 5.8, 5.5, 5.5, 5.2 and 4.8; in another, py 5.5, 
5.6, 5.7, 5.6, 5.4 and 4.4; and in the third, py 4.0, 4.4, 4.4, 4.4, 4.6 and 
5.1. These three abnormal figures out of eighty-five consistent values 
suggest some other explanation than variations in the gastric secretion 

mixing; e. g., the tube’s having been pushed into the duodenum ; 
regurgitation of intestinal contents or swallowing of saliva. However, 
in error of 0.4 py is great enough to require elimination of small 
samples, and in subsequent work attempt was made to empty the 
stomach. This does not apply to the fractional determinations necessary 
in the study of digestion in relation to time. In that study, the error 
of the method is recognized. 

Davidsohn * has also tested the variation in small samples and came 
to similar conclusions. He found an average error of 0.3 py and a 
variation greater than this in one fourth of the cases. 

The Time Factor.—Figure 1 was made by plotting the py of samples 
removed at various times following the ingestion of 100, 150 or 200 c.c. 
of the standard meal. It is composed of twenty series of readings 
made on nine infants, without regard to age or disease. 

Even though we allow for the error involved in estimating the 
fu from single samples rather than from entire contents, the results 
are remarkably constant. They illustrate graphically the increase in 
fu with the increase in digestion time. The py can be approximated 
as 6.0 at twenty minutes; 5.3 at thirty minutes; 5.0 at forty minutes; 


10. White, F. W.: Simultaneous Variation in Acidity of Different Portions 
of Gastric Contents, J. A. M. A. 79:1499-1503 (Oct. 28) 1922. 
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4.8 at fifty minutes; 4.5 at sixty minutes; 4.3 at seventy minutes; 4.2 
at eighty minutes; 4.1 at ninety minutes, and 3.9 at 120 minutes. 

The results of this study emphasize the fact that conclusions drawn 
from work such as this must take into account the time factor. To be 
comparable, estimations of py must be made on contents removed after 
the same digestive interval. 

Davidsohn * has shown that, on one third whole milk, for 100 c.c. 
at one hour, the py was 5.1; for 150 c.c. at one and a quarter hours, 
32; at one and a half hours, 4.88, and at two hours, 4.90. With 


ams 


Jats 


two thirds whole milk, 200 c.c. in every case, he found the py at one 
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Chart 1 ihe increase 
period, without regard to age, condition or amount fed 


in acidity of gastric contents with increase in digestive 


and a half hours was 5.30; at one and three-quarter hours, 5.10; at 
two hours, 5.03, and at two and a quarter hours, 4.70. This shows 
a definite increase with increasing time. If he had fed smaller amounts 


and removed the contents sooner, the increase in acidity would have 
been even greater. 

No point in these data represents the py of the stomach in its rest- 
ing condition. The exact point at which this was reached could not be 
the dilute test meal used because of our inability to 
To obtain an approximation of 


this figure, lavage of the stomach with 25 c.c. of distilled water four 


determined on 
obtain sufficient amounts for analysis. 
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hours after feeding was done. This resulted in the following values: 
pu 3.0, 3.3, 3.2, 3.0, 3.6, 3.7 and 3.5. These determinations are open to 
the criticism that they do not accurately represent the py of the gastric 
secretion of the fasting infant, (1) because of the dilution with so 
much water; (2) because of the possibility of the presence of a 
residuum from the feeding four hours before, or (3) because of 
psychic secretion of gastric juice. They are not considered to represent 
the actual fasting acidity, but an approximation of the chemical state 
of the stomach at the starting point, the introduction of the meal. 
Relation of Previous Type of Feeding.—The children on whom this 
study was made were all on a diet which had milk for its basis. The 
der ones received in addition vegetable puree, broth, farina and 


TABLE 1.—Relation of pu to Amount of Test Meal and Age 
é : : 
100 C.c. Fed 150 C.c. Fed 200 C.c. Fed 
\ge, Months 


° 


Age, Months Age, Months 


r 
, 


os 
i. 


15 
12 
19 
17 
17 


va 


4 
4 
{ 
4 
4 
4 
4 
4. 
4. 
i. 
4 


a ee ee es et or 


greg coy 


21 bo & Oo 


* The averag’ acidity is represented by a numerical average of the pu values 


range juice. In no case was meat a constituent of the diet. The 
Idest child was 19 months, the youngest 2. Some of these were 
studied over a period when their diet was changed from a sweet to a 
sour milk mixture and back again. 

We concluded that an alteration in diet which did not involve 
removal of milk as the basis of the diet did not alter the reaction of the 
stomach to a test meal. 

Influence of Age on py—Table 1 includes fifty-five observations 
made on gastric contents of thirty-one babies fed on varying amounts 
of the standard meal. Of these, twenty-two ranged in age from 2 to 
9 months; the other nine, from 12 to 19 months. 

The average py of the younger group, obtained numerically, regard- 
less of the amount fed, was py 4.6. The older group showed an aver- 
age, regardless of the amount fed, of py 4.2. 
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Hence, with increasing age, there is an increase in acid production. 
Davidsohn * was unable to show that age increased the acidity markedly 
except in the case of breast milk. Kronenberg’ showed that under 8 
months, the values average about py 5.0, but in infants from 10 to 21 
months, the values were about 4.0. 

Effect of Quantity of the Test Meal on py.—A study of the amount 
given (Table 1) shows that the py approximates a normal value, which 
is Py 4.3-4.5. Since, however, the values for 100 c.c. were mostly on 
the younger group and for 200 c.c. mostly on the older group, this 
statement may be misleading, for it involves two factors. In order to 
determine the effect both of age and of amount fed, the values were 
separated into six groups, three for the younger infants and three for 
the older. The values given in Table 2 show that, with larger test 


Contents for Different Amounts of Test Meal 
ind Different Ages 


A 


C.e. N/1 





Younger group (5.4 months { 100* 
Older group (14.3 months) 5 3.$ 110° 
* The values are estimated from » titration values given in the discussion of the 
meal 


» Concentration of Test Meal 


Meal pu Meal 

12/150 9.5 24/150 

16/200 4.1 32/-00 

16/200 4.7 32/200 
4.4 


12/150 2 200 


*In this column is given a figure obtained when the stomach was lavaged with 25 c. 
of distilled water at a time when the baby would normally have received its regular feeding 
e., when the stomach was practically empty, four hours after the previous feeding). 

+ The fraction given under the heading “Meal” was made up as follows: The numerato 


represents grams of powdered milk; the denominator, cubic centimeters of distilled water. 


meals, there is a diminished acidity, in spite of the fact that the secretion 
of hydrochloric acid is increased. The members of the older group 
show a greater acid secretion in every case. 

Thus, the members of the older group secrete more acid for a given 
amount of test meal and are also able to secrete more acid when larger 
test meals are given. The result is a more acid gastric content. 


Effect of Concentration of Test Meal on py.—To study the effect 
of its concentration on py, the composition of the test meal was varied 


and a study made on four babies on whom we had previously made a 
number of determinations with the standard meal. The concentra- 
tions represent half milk, whole milk, and “double” milk. The results 
of this study are incorporated in Table 3. 
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The data show that, with increasing concentration of the test meal, 
the acidity of the gastric contents will be correspondingly decreased. 
In the presence of a greater amount of buffer substances to be neu- 
tralized by the gastric juice, the stomach is unable to secrete enough 
acid to bring the contents to the normal py. 

Relation of py to Amount Recovered.—lIt is not essential for empty- 
ing of the stomach to have an acid stomach contents; for Theile * has 
shown that milk made alkaline with phosphates leaves the stomach 
rapidly. But under physiologic conditions, on a given meal the acidity 
must play a part. Davidsohn* states in a case of a very acid finding, 
“the contents removed were only 8 c.c.” 

Figure 2 was constructed by charting against the py the average 
amount recovered at that py. 
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Chart 2.—The relation of acidity to the average amount recovered at that 


Dots indicate 100 c.c. fed; crosses, 200 c.c. fed. 


The diagram indicates that, with increasing py, a larger amount is 
recovered. Therefore, the more acid the contents, the more rapidly 
the stomach empties. The steeper slope of the curve for the smaller 
amount fed indicates that the py is more important here than for the 
arger amounts, in which other factors take part also. 


COM MENT 


The acidity of the gastric contents in infancy approximates p,, 5.0, 
as first shown by Allaria ** and first in this country by Hahn.?? This 


11. Allaria, G. B.: Untersuchungen tiber Wasserstoffionen-Koncentrationen 
im Sauglinsmagen, Ztschr. f. Kinderh. 68:259-285, 1907. 

12. Hahn, M.: Gastric Digestion in Infants, Am. J. Dis. Child. 7:305-314, 
1914. 
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acidity is a resultant of a number of factors, some of which have been 
studied; others are unknown. The factors can be grouped into those 
due to the food and those of the individual. 

The kind of food used determines the amount of acid necessary for 
digestion. Skimmed cow’s milk has a higher buffer value than breast 
milk; therefore, it requires a greater amount of acid to bring it to a 
given acidity. Increasing the amount of food or increasing the concen- 
tration increases the total buffer substance and therefore increases the 
acid requirement. The more acid the food is initially, thé less acid is 
required to bring the gastric contents to a given py. This reasoning 
has led Marriott '° to feeding lactic acid milk. Davidsohn* has shown 

with protein milk as well as with buttermilk. 
: stomach to food is complex. At least two fac- 
there is a definite hydrogen-ion concentration, 
which the organism strives. What the 
and its relation to peptic digestion have 
The fact of importance to us is that, 
|, gastric secretion ceases. The other factor 
to increase the acid secreted when more 
ing capacity of infants is limited, so that 
food or more concentrated foods are given, 
reach the optimal acidity. In our series of 
secreted can only be doubled. There 1s a very 
vern the emptying of the stomach include th« 
vater, consistency of food, gastric motility 
the contents. When the acidity 1s greatet 
and the two are interdependent. Thx 
nd kind of feeding, concentration and other 
gastric contents permits a more exact estimate 


diagnostic purposes or regulation of the 


AND CONCLUSIONS 


the py of the gastric contents on the milk 
an hour is py 3.2-py 5.0, with 76 per cent. of 


between Pu 3.9 and Pu 4.6. 


> 
od. 


‘ror of determining acidity of gastric contents from samples 
rather than entire contents is py 0.4. 


[he acidity increases with increase in time. 


13. Marriott, W. McK.; Davidson, L. T., and Harshman, L. T.: Studies on 
the Digestion in Infancy. Hydrogen-Ion Concentration of the Gastric Contents, 
Tr. Am. Pediat. Soc. 34:39-45, 1922. 

14. Davidsohn: Footnote 1, first reference. 
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4. The previous type of feeding has no effect on the test meal. 


5. Acid production and hydrogen-ion concentration increase with 
increase of age. 

6. A fourfold increase of the concentration of the test meal 
decreases the hydrogen-ion concentration. 

7. A twofold increase of the amount of the test meal causes a 
stimulation of acid secretion, but a lessened acidity. 

8. The greater the gastric acidity, the more rapidly the stomach 


empties. 














GASTRIC ACIDITY IN INFANTILE TETANY * 


FRANK L. BABBOTT, JR. M.D. 
JOSEPH A. JOHNSTON, M.D. 
AND 
HARLES H. HASKINS, M.D. 


NEW HAVEN, CONN. 


In the preliminary physiologic study of the gastric contents of 
infants,’ it was noted that those babies who were suffering from tetany 
presented gastric findings which differed markedly from those of normal 
infants. Therefore, a special study of eleven cases of manifest tetany 
was undertaken this past year. 

Tetany was diagnosed clinically on the history or presence of an 


inspiratory crow, carpopedal spasm, convulsions and positive Chvostek 
] 
I 


and Trousseau signs. The diagnosis was confirmed by the electrical 
reactions of Erb, but the ultimate criterion for the diagnosis and 
progress of the disease was the calcium content of the blood. This, as 
has been shown by Howland and Marriott,? and others, may fall in 
active tetany from the normal values of 10 to 11 mg. per hundred 
cubic centimeters of serum to as low as 3.5 mg., the average being about 
5.5 mg. per hundred cubic centimeters. Symptoms of tetany are 
present when the serum calcium is below 7.5 mg. per hundred cubic 
centimeters. The calcium concentration returns toward normal levels 
coincidently with the relief of clinical symptoms. 

The eleven cases of infantile tetany studied are abstracted in the 
protocol below. All of them showed associated rickets, mainly of the 
so-called “head rickets type”; craniotabes was present in eight of the 
cases and enlarged frontal bosses in two of the remaining three cases. 
Both of the latter were in babies over 11 months old. As has been 

|, tetany occurs more often in the spring. Seven of the 

ries were treated in May, one in April, one in March, 

y and one in January. Six cases gave a definite history 

of symptoms of tetany coincident with the development of 

fever, generally caused by an upper respiratory infection. The most 

common clinical manifestation of tetany was the Chvostek sign, which 

was present in eight cases. The electrical reactions were those of active 

tetany in all cases. The serum calcium was low in every case, the 

average reading of the first analysis being 5.9 mg. per hundred cubic 
centimeters. 


* Received for publication, Aug. 30, 1923 


* From the Department of Pediatrics, Yale University School of Medicine. 
sabbott, F. L., Jr.; Johnston, J. A.; Haskins, C. H., and Shohl, A. T.: 
gen-lon Concentration of Gastric Contents in Infants, this issue, p. 475. 
Howland, John, and Marriott, W. McK.: Observations Upon the 
Calcium Conten f the Blood in Infantile Tetany and Upon the Effect of 
Treatment by Calcium, Quart. J. Med. 11:289-319 (July) 1918. 
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Test meals were analyzed thirty-eight times at various stages of 
the disease. The meal consisted of 16 gm. of powdered milk and 200 
cubic centimeters of water, a mixture having a py of 6.2, and was sub- 
stituted for the regular formula and given approximately four hours 
after the last feeding. After one hour, all available gastric contents 
were removed through a tube with three fenestrations. The amount of 
gastric contents removed was measured and its py determined by the 
method of Shohl and King.* Under these given conditions, the 
hydrogen-ion concentration of the gastric contents of normal infants of 
from 4 to 12 months of age varies between py 3.9-4.6.1_ In order to 
cause as little psychic disturbance as possible, the meal was not forced, 
nor was gavage carried out, except in two instances, in each of which 
irregular values were obtained. During the period of digestion, the 
baby was not disturbed by any clinical or laboratory procedure. The 
amount of ingested food was kept as nearly constant as possible. 
Infants could not always be made to take the required amount and 
sometimes vomited part or all of the food taken. The amount fed was 
ineasured and the amount of vomitus estimated, so that the percentage 
returned could be calculated. Six of the infants took all their feedings 
without vomiting or refusing any food. The use of a dental suction 
apparatus to remove saliva was considered, but was thought to present 
too many practical and emotional difficulties to warrant its use. Pyloric 
regurgitation was recognized to be a source of error, so frequent tests 
for bile in the gastric contents were made. The few cases which gave 

positive reaction were not included in the series. Although proper 
evaluation of the importance of these difficulties cannot at this time be 
made, slight changes in the hydrogen-ion concentration of the gastric 

ntents may be regarded as of little gignificance. Conclusions have 
nly been drawn on a difference of 0.3 of a py or more. 

Analysis of the findings in these cases during active tetany revealed 

definite and marked lowering of the acidity of the gastric contents. 
\ll of the values indicated a lower acidity than did those found in nor- 
al infants, the average py on the first analysis in each of the eleven 
ases being 5.3. The acidity returned to normal values synchronously 
vith the relief of clinic symptoms of tetany, the average py of the 
nnal tests being 4.2. There was also a coincident rise of the calcium 

ntent of the serum from an average of 5.9 mg. per hundred cubic 
centimeters at the beginning to an average of 8.8 mg. at the close of the 
period of observation. The close relationship between the rising gastric 
acidity and the rising blood calcium during convalescence from manifest 
tetany is shown graphically in Charts 1 and 2. In some instances, the 


3. Shohl, A. T., and King, J. H.: Determination of the Acidity of Gastric 
Contents. I. Determination and Significance of Acidity. II. The colorimetric 
Determination of Free Hydrochloric Acid, Bull. Johns Hopkins Hosp. 31:152- 
162 (May) 1920. 











& 
Ut 100 a. 


&& @ & EP 





cee @ 
6 MGIS OF GP 





Ea | 








| 








i) 

















[8 8 8s 


‘he solid line in this chart and in Chart 2 
gastric contents charted against pa values 
The broken line represents the number of 


of serum as recorded in 









































?—Findings in Cases 7-11. 





BABBOTT ET AL—GASTRIC ACIDITY 489 


gastric acidity does not increase steadily ; many of the bizarre findings, 
however, can be explained by intercurrent infections or by feeding 
difficulties which are analyzed in the protocol, but the general trend 
toward normal values is clearly demonstrated. 

Delayed emptying time or increased gastric retention was also found 
to be present in manifest tetany. A greater proportion of the test meal 
was recovered from these infants than from those that were normal. 
The average amount ingested for the first test meal was 167 c.c., of 
which 33 per cent. was recovered. During convalescence from tetany, 
the gastric motility increased so that, of the last meal, which averaged 
180 c.c., only 28 per cent. could be withdrawn. The more rapid empty- 
ing of the stomach is closely associated with the increase of the gastric 
acidity; for in normal infants, as well as in laboratory animals,‘ 
when there is a high gastric acidity, there is a correspondingly active 
vastric motility. 

Tetany presents itself as a symptom-complex of many diseases and 
listurbances of metabolism. At the present time, these various disturb- 
ances seem unrelated and lacking in common factors. The symptom- 
complex dealt with in this paper is that recognized as infantile tetany. 
This type has been characterized by its association with previously 
listurbed metabolism (rickets ), and by a lowered calcium content of the 


serum. The connection between rickets and tetany has long been 


ecognized and the relationship between the lowered serum calcium and 
the progress of the disease has been many times observed, but so far 
s has been determined, no previous studies of associated gastric findings 
ve been made. 
Infantile tetany has been simulated in at least two ° reported cases of 
ult tetany. Both presented evidence of decreased gastric acidity and 
gastric hypotonus, lowered serum calcium and underlying chronic 
etabolic disease. One occurred in the terminal stages of sprue, and 
e other followed diarrhea of many months’ duration and of unknown 
tiology. The first case showed no free or combined hydrochloric acid 
the vomitus ; the blood calcium findings varied between 8 and 6.5 mg. 
er hundred cubic centimeters of serum, and postmortem examination 
lisclosed a ruptured appendix and a much dilated stomach. The second 
ase had blood calcium readings between 6 and 4.2 mg. of calcium per 
hundred cubic centimeters of serum. The gastric analysis at one time 


4. Hedblom, C. A., and Cannon, W. B.: Some Conditions Affecting the 
ischarge of Food from the Stomach, Am. J. M. Sc. 138:518, 1909. 

5. Barach, A. L., and Murray, H. A., Jr.: Tetany in a Case of Sprue, 
_ A. M. A. 74:786-788 (March 20) 1920. Underhill, F. P.; Tileston, W., and 
sogert, J.: Metabolism Studies in Tetany, J. Metabolic Research 1:723-736 
Tune) 1922. 
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showed a total acidity of 5 and free hydrochloric acid absent. A second 
gastric analysis showed a total acidity of 22 and free hydrochloric of 
7 c.c. tenth-normal. Roentgen-ray studies of the gastro-intestinal tract 
at the time of the first gastric analysis revealed marked gastric stasis or 
delayed emptying time. At this period, the patient was having manifest 
tetany. A second roentgen-ray series two months later, when the patient 
was temporarily free from tetanic symptoms, disclosed a normal 
gastric motility. At that time, no chemical analyses of gastric contents 
were made. 

Diminished gastric acidity and tonus ® associated with low serum 
calcium’ is present in tetany following the removal of parathyroid 
glands from dogs. 

The symptoms of tetany, in the infantile and experimental (para- 
thyroidectomy) types, at least, are asssociated with the lowering of the 
calcium in the blood. If the calcium can be brought back to normal, the 
manifestations of the disease disappear. Infantile tetany has been treated 


1 
| 


by oral administrations of calcium chlorid and of calcium lactate ? and 
by intravenous infusions of calcium lactate. The recovery is much 
hastened if cod liver oil and phosphorus § are given for the underlying 
rickets, at the same time that the calcium is given to control the tetany 
Calcium therapy produced varying results in the two cases of adult 
tetany referred to above. Infusions of calcium lactate failed to raise 
the blood calcium in the case of tetany complicating sprue; whereas, 
calcium chlorid and calcium carbonate relieved symptoms of tetany 11 
the patient suffering from protracted diarrhea. Dogs also that hav: 
undergone parathyroidectomy can be kept free from tetany symptoms 
by intravenous administrations of calcium chlorid,® or by feeding large 
doses of calcium lactate *® or large quantities of milk.’t Various types 
6. Keeton, R. W.: The Secretion of the Gastric Juice During Parathyroid 
Tetany, Am. J. Physiol. 33:25-49, 1914. Carlson, A. J.: The Tonus and Hunger 
Contractions of the Empty Stomach During Parathyroid Tetany, Am. J. 
Physiol. 32:398-404, 1913. Carlson, A. J.: The Conditions of the Digestive 
Tract in Parathyroid Tetany in Cats and Dogs, Am. J. Physiol. 30: 309-340, 1912. 

7. Hastings, A. B., and Murray, H. A., Jr.: Observations on Parathyroid- 
ectomized Dogs, J. Biol. Chem. 46:233-256 (March) 1921. 

8. Brown, Alan; McLachlan, I. F., and Simpson, R.: The Effect of Intra- 
venous Injections of Calcium in Tetany and the Influence of Cod Liver Oil and 
Phosphorus on the Retention of Calcium in the Blood, Am. J. Dis. Child. 19: 
413-428 (June) 1920 

9. Wilson, D. W.; Stearns, T., and Thurlow, M. DeG.: The Acid-Base 
Blood After Parathyroidectomy, J. Biol. Chem. 23:89-109, 1915. 


Equilibria in the 


Salvesen, H. A.: Studies on the Physiology of the Parathyroids, Proc. Soc. 
Exper. Biol. & Med. 22:204-210, 1923. 

10. Salvesen, H. A.: Footnote 9, second reference. Luckhardt, A. B., and 
Goldberg, Benjamin: Preservation of the Life of Complete Parathyroidec- 
tomized Dogs by Means of the Oral Administration of Calcium Lactate, J. A. 
M. A. 80:79-80 (Jan. 13) 1923 

11. Salvesen, H. A.: Footnote 9, second reference. 
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of treatment were employed in the cases of this series, but as far as 
the gastric findings were concerned, no difference in treatment could 
be detected. Recently, Casparis and Kramer,’? and also Hoag," have 
shown that, even though no calcium is administered, tetany can be 
cured by exposure to radiations of a quartz mercury vapor lamp. 

Why should there be a diminished calcium content of the blood in 
infantile tetany? The diets of most infants with tetany contain an 
adequate amount of calcium. Is the symptom-complex partially a 
question of faulty calcium assimilation? Is there any connection 
between the lowered gastric acidity here reported and the assimilation 
of calcium from the gastro-intestinal tract ? 

Calcium is known to remain in solution only in an acid medium and 
presumably may be absorbed only from such a medium. A search of 
the literature reveals little information regarding calcium absorption. 
In 1907, Von Noorden** says: “The insoluble calcium salts are dis- 
solved in the stomach to a greater or less extent,. depending on the 
amount of hydrochloric acid present. They are only there absorbed, 
however, in the merest traces, the greatest absorption occurring in the 
upper parts of the small intestine. There, the dissolved calcium solu- 
tions are transformed again into neutral or acid calcium carbonates and 
phosphates, and into the salts of fatty acids, the amount taken up by the 

xly depending on the reaction of the intestine, and on the quantity of 
carbonic acid and phosphoric acid, and upon the various fermentation 
cids present.” He states further ** that “in cases of hypomotility 
associated with dilatation and stagnation, the gastric absorption, which 
is normally very slight, is further reduced.” 

Recently, Steenbock *° and his co-workers have reported a most 
nteresting study of calcium absorption. They found that many calcium 
ilts, all of which remain soluble only in an acid medium, can be 
bsorbed from the gastro-intestinal tract. Barium salts which are not 
soluble in an acid medium can be fed in large doses without producing 
toxic symptoms. From these findings, he says, “It is undoubtedly the 
acidity which makes possible the assimilation of the difficultly soluble 
calcium salts from the intestine.” The hypothesis of the necessity for 


12. Casparis, H., and Kramer, B.: The Treatment of Active Infantile Tetany 
with Radiations from the Mercury Vapor Quartz Lamp, Bull. Johns Hopkins 
Hosp. 34:219-220, 1923. 

13. Hoag, Lynne: The Treatment of Infantile Tetany with Ultraviolet 
Radiation: Its Effect on the Clinical Symptoms and on the Calcium Concen- 
tration in the Blood Serum, Am. J. Dis. Child. 26:186-194, (Aug.) 1923. 

14. Von Noorden, K. H.: Metabolism and Practical Medicine, Chicago, 
W. T. Keener & Co., 1907. p. 38. 

15. Steenbock, H.; Hart, E. B.; Sell, M. T., and Jones, J. H.: The Avail- 
ability of Calcium Salts, J. Biol. Chem. 56:375-386, 1923. 
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an adequate acidity for calcium absorption is borne out by a relatively 
new treatment for tetany. It has been found that the disease can be 
cured by adding acid *® or acid-forming substances ** to the diet. In 
this same connection, it is interesting to note that Marriott ** states 
that he has never seen a case of tetany develop in a baby fed on lactic 
acid milk. 

The question now arises: Why should a rachitic infant suddenly 
develop tetany? Most cases of tetany give a definite history of infection 
with fever at the onset of the manifestations of the disease. It has 
been shown that fever, both in laboratory animals * and in infants,?° 
is responsible for a sudden and marked diminution of gastric acidity 
and of gastric motility.”? 

The following chain of events suggests itself as a possible mechanism 
of the production of tetany in many cases of infants. A rachitic infant 
develops an infection with fever, which, in turn, gives a diminished 
gastric acidity. The gastro-intestinal contents, therefore, afford a less 
favorable medium for calcium solution and calcium assimilation. This 
results in a lowering of the calcium content of the blood, which is 
responsible for symptoms of tetany. 

SUM MARY 

Lowered gastric acidity and diminished gastric emptying time are 
found in manifest infantile tetany. There is a return of the gastric 
content to normal acidity and of the gastric motility to normal activity 


coincident with the rise of serum calcium to normal, and with the dis- 


appearance of clinical symptoms of tetany. 


Cases 1, 5, 6, 7, 9 and 10 were seen at the Infants’ Hospital, Boston 


Calcium determinations in these cases were made by the Kramer and 


16. Wilson, D. W.; Stearns, T., and Janney, J. H., Jr.: The Effect of Acid 
Administration on Parathyroid Tetany, J. Biol. Chem. 21: 169-177, 1915. Gamble 
J. H., and Ross, G. S.: The Effect of Ingestion of Hydrochloric Acid Pro 
ducing Substances on the Acid-Base Metabolism of an Infant and the Probabk 
Manner of Their Action in the Treatment of Tetany, Am. J. Dis. Child. 25: 
470-497 (June) 1923. 

17. Gamble and Ross: Footnote 16, second reference. 

18. Marriott, W. McK., personal communication to the authors. 

19. Meyer, J.: Cohen, S. J., and Carlson, A. J.: Gastric Secretion During 
Fever, Arch. Int. Med. 21:354-365 (March) 1918. 

20. Marriott, W. McK.; Davidson, L. T., and Harshman, L. P.: Studies on 
the Digestion in Infancy. Hydrogen-lon Concentration of the Gastric Contents, 
Tr. Am. Pediat. Soc. 34:39-45, 1922. Davidsohn, H.: Beitrag zur Physiologie 
und Pathologie der Magenverdauung beim Saugling, Arch. f. Kinderh. 69:239- 
255 (April) 1921. Babbott et al.: Foonote 1. 

21. Whether or not there is a slightly diminished gastric acidity in rickets 


before the onset of tetany is now being investigated. 
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Tisdall method.*? Phosphorus was determined by the Bell and Doisy 
method.** 


Cases 2, 3, 4, 8 and 11 were seen at the New Haven Hospital. 
Calcium determinations were made by the Kramer and Tisdall method.*” 
Phosphorus was determined by the Briggs Method.** 


REPORT OF CASES 


Case 1.—History.—D. A., aged 5 months, was a normal infant, breast fed 
for 3% months, and weaned satisfactorily to a whole milk modification. Orange 
juice had been given since weaning, but no cod liver oil, and there had been 
no deliberate exposure to sunlight. Six weeks before, the baby had fever and 
an inspiratory crow, but no convulsions. The condition has become pro- 
gressively worse. 

Examination.—Rickets ; marked craniotabes; enlarged epiphyses at wrists 
and ankles; a positive Chvostek sign, and suggestive Trousseau sign were 
revealed. 

Treatment.—Feeding of a whole milk modification was continued. Exposure 

) a quartz mercury vapor lamp was prescribed. 

May 11, when the pa of the gastric contents was 5.0, the baby had tem- 
erature of 102 F. This hyperpyrexia may have influenced the gastric acidity. 
he clinical symptoms of tetany had disappeared by that day. 

May 19, feeding was interrupted for ten minutes. The “digestion period” 
{ sixty minutes is estimated from the mean feeding time. 

Case 2.—History—R. A., aged 11 months, a normal infant, breast fed 

entirely for nine months, and given tastes of table food for the past two months, 
id had no cod liver oil, and there had been no deliberate exposure to sunlight. 
hree and one-half weeks before admission, the infant had a “cold” and on 
following day had several clonic convulsions. Six days before admission, 
ere was another cold and more convulsions. There had been an occasional 

( row.” 

Examination.—Otitis media; impetigo; rickets, slight beading of ribs and 
largement of epiphyses of wrists; Chvostek and Trousseau signs and crow 
vere revealed. 

Treatment.—April 5: Skimmed lactic acid milk was given. 

April 6-12: Whole milk modification, with addition of hydrochloric acid, 
nd farina were given. 

April 13: Whole sweet milk modification was fed. 

Cod liver oil, 12 c.c., was given April 5. None was given thereafter until 
\pril 11, when 4 c.c., three times a day, was given. This was continued until 

April 19. From April 6 until April 12, inclusive, hydrochloric acid was added 
to the milk given. Sunlight therapy was employed from April 6 to April 19. 
Calcium chlorid, 15 grains three times a day, was given, April 13-19. 


22. Kramer, Benjamin, and Tisdall, F. F.: A Clinical Method for the 
Quantitative Determination of Calcium and Magnesium in Small Amounts of 
Serum or Plasma, Bull. Johns Hopkins Hosp. 32:44-48 (Feb.) 1921. 

23. Bell, R. D., and Doisy, E. A.: Rapid Colorimetric Methods for the 
Determination of Phosphorus in Urine and Blood, J. Biol. Chem. 44:55-67 
(Oct.) 1920. 

24. Briggs, A. P.: A Modification of the Bell-Doisy Phosphate Method, 
J. Biol. Chem. 53:13-16 (July) 1922. 
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Case 3.—History.—R. M., aged 17 months, a normal infant, never breast fed, 
on a malted milk diet for first eight months and a mixed diet since then, had 
had no cod liver oil. There had been no deliberate exposure to sunlight. The 
baby had had occasional colds. One week before admission, severe clonic 
convulsions and carpopedal spasm developed, with crow and convulsions the day 
before admission. : 

Examination.—Bilateral otitis media, tonsillitis and rickets (marked bulging 
of the forehead, though not true enlargement of the frontal bosses, and very 
slight enlargement of costochondral junctions) were found. 

Treatment.—Whole milk modification with hydrochloric acid was prescribed. 

Case 4.—History.—D. A., aged 4 months, a normal infant, breast fed for 
two months, and given modified cow’s milk for the past two months, was given 
no cod liver oil, and there had been no deliberate exposure to sunlight. For 
six weeks, there had been loose stools, associated with occasional fever. 

Examination.—Otitis media, pharyngitis, rickets (marked craniotabes and 
enlargement of the anterior and posterior bosses, pallor, slight beading of ribs 
and enlargement of epiphyses of wrists and ankles), and laryngeal crow were 
present. 

Treatment.—Whole lactic acid milk modification was prescribed, and exposure 
to quartz mercury vapor lamp. 

Case 5.—History.—A. R., colored, aged 6 months, gave a definite history 
f syphilis, and was possibly premature. The birth weight was 5 pounds 
(2,268 gm.). The baby had been breast-fed for three weeks, and modified 
whole milk had been given since then. There had been no digestive dis- 
turbance. No cod liver oil had been given and there had been no deliberate 
exposure to sunlight. The baby did not sit up. Pertussis had been present at 
3 months. For two months previous to admission, the patient had had frequent 
convulsions and inspiratory crow, but was not known to have had fever. There 
was thought to be loss of weight. 

Examination.—The child was very irritable. Rickets (marked craniotabes, 
enlargement of costochondral junctions and epiphyses of wrists and ankles; 
dositive Chvostek and Trousseau signs, and inspiratory crow were noted. 

Treatment.—A whole milk modification was given, and exposure to the quartz 
mercury vapor lamp was prescribed. 

Case 6.—History—C. R., aged 13 months, a normal infant, breast fed to 
late, with supplementary feedings of table food for the past seven months, 
had had no cod liver oil, nor had there been deliberate exposure to sunlight. 
The baby could not stand alone. Two months previously, it had fever, difficulty 
in breathing, cyanosis and crow. At this time, twenty-two convulsions occurred 
in one day. The baby recovered partially, but still crowed and had an 

ccasional convulsion. 

Examination.—Rickets (craniotabes, enlargement of costochondral junc- 
tions and epiphyses of wrists and ankles), positive Chvostek sign and crow 
were noted. 

Treatment—A whole milk modification was given, and exposure to the 
quartz mercury vapor lamp was prescribed. 

May 12: The baby had a convulsion while the stomach tube was being 
passed. No gastric contents were obtained. 

May 19: As the baby became cyanotic while the tube was in situ, it was 
immediately withdrawn, so the total amount of the gastric contents was not 
determined. 


Case 7.—History—U. W., aged 12 months, a normal infant, never breast 
fed, had been brought up in a boarding home on proprietary feedings. No cod 
liver oil had been given and there had been no deliberate exposure to sunlight. 
The child was not growing, and its history was very unsatisfactory. 
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Examination—The baby was undernourished and underdeveloped. Rickets 
(craniotabes and a fontanel admitting the tips of two fingers, enlarged costo- 
chondral junctions and epiphyses at wrists and ankles) but no clinical sign of 
tetany was noted. 

Treatment.—May 7-17, a whole milk modification was given, and May 18, 
whole lactic acid milk. Exposure to quartz mercury vapor lamp was prescribed. 

The alkaline reading, May 12, may possibly be explained by the infant’s 
recent fever. 

Case 8.—History.—D. S., aged 9 months, breast fed entirely for eight 
months, with farina added to the diet one month previously, had had no cod liver 
oil or deliberate exposure to sunlight. Four days before admission, he had 
fever and “pulled at his ears.” The next day, he had an inspiratory crow. 

Examination.—Pharyngitis; mild otitis media; rickets (marked craniotabes, 
moderate enlargement of costochondral junctions, marked epiphyseal enlarge- 
ment at wrists and ankles); positive Chvostek sign; carpopedal spasm, and 
inspiratory crow were noted. ’ 

Treatment.—May 5, whole milk and dextrimaltose were given; May 6 and 7, 
whole milk, 600 c.c., with hydrochloric acid, tenth normal, 225 c.c. (five feed- 
ings). May 8, whole milk mixture, with dextrimaltose, farina, broth and puree, 
was given. Cod liver oil, 8 c.c. daily, was prescribed, and calcium chlorid, up 
to 90 grains (6 gm.) a day, May 7-17. 

The alkaline reading, May 8, may be explained because of the associated 
fever. The effect of gavage in the psychic secretions may influence results. 

CasE 9.—History.—S. P., aged 9 months, was a twin, breast fed for five 
months and weaned to a whole milk modification. At 7 months, farina was 
added. No cod liver oil was given, and there was no deliberate exposure to 
sunlight. Three days before, the baby had fever, cough, dyspnea, cyanosis and 
twitchings of extremities. 


Examination.—Otitis media; pharyngitis; rickets (craniotabes, enlarge- 
ment of the costochondral junctions, enlargement of the epiphyses at the wrists 
and ankles), but no clinical signs of tetany were noted. 


Treatment.—A whole milk modification was given, and exposure to a quartz 
mercury vapor lamp was prescribed. 

The very acid findings of the first two analyses fit in with the small per- 
centage returned, but why there should have been so rapid a gastric emptying 
time cannot be satisfactorily explained. 

May 12, the tube became plugged with mucus and the stomach could not be 
completely emptied. 

Case 10.—History.—S. S., aged 5 months, a twin, three weeks premature, 
whose birth weight was 4 pounds and 5 ounces (1,956 gm.) and who was never 
breast fed, had gained slowly on whole milk modification, but for past three 
weeks had vomited. No cod liver oil had been given, and there had been 
slight exposure to sunlight for the past two weeks. The feeding was regu- 
lated because of vomiting. There had been no fever and no convulsions, but 
the baby had had a “peculiar cry” for the past few weeks. 

Examination.—Otitis media; rickets (marked craniotabes, moderate enlarge- 
ment of costochondral junctions) ; positive Chvostek and Trousseau signs, and 
an inspiratory crow were noted. 

Treatment—A whole milk modification was given, and exposure to the 
quartz mercury vapor lamp was prescribed. 

The findings, May 11, as shown in Table 10, when the baby had a tem- 
perature of 102 F., cannot be explained at all. The percentage return was very 
great, and its acidity high. The low acid reading for the last gastric analysis 
may possibly be explained by the fact that the child was recovering from 
bronchopneumonia. 
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Case 11.—History.—M. C., aged 11 months, had a normal birth, was breast 
fed up to the present, and had been given tastes of table food for six months. 
No cod liver oil was given, and there had been no deliberate exposure to 
sunlight. A crow had been present for ten days. 


Examination.—Rickets (anterior fontanel admitting two finger tips, no 
craniotabes, moderate costochondral and epiphyseal enlargement); enlarge- 
ment of the spleen, and marked Chvostek sign were noted. 


Treatment—A whole milk modification, puree and farina were given. Cal- 
cium chlorid, November 21-January 11, cod liver oil and exposure to the quartz 
mercury vapor lamp were prescribed. 











BOOK REVIEW 


LES SYNDROMES ENDOCRINIENS DANS L’ENFANCE ET LA 
JEUNESSE. By J. Nosécourt, Paris, E. Flammarion, 1923. 


This book deals with the endocrine syndromes, particularly during the 
period of growth. The author cites Hutinel’s statement to the effect that the 
problem of the endocrine glands is not yet crystallized and that caution is 
necessary in walking such dangerous paths. He certainly tries to exercise 
this caution, and on the whole with success, making the book very readable. 

In the chapter devoted to the thyroid syndromes, the American literature 
and particularly the contributions from the Mayo Clinic might be utilized to 
advantage. At any rate, mention of thyroxin should not be omitted. It is 
somewhat surprising to find as an example of the “forme fruste” of exoph- 
thalmic goiter a case presenting a basal metabolic rate 18 per cent. below 
normal. It is true one hears, even reads, now and then, of a disease combining 
the features of exophthalmic goiter with those of myxedema. But this is one 
of the occasions when the greatest caution is necessary and when the data on 
which such a diagnosis rests has to be given very fully. At least the problematic 
nature of such an apparently paradoxical syndrome should be pointed out. 

That the results of parthyroid therapy in spasmophilia are very doubtful is 
pointed out. But mention of cod liver oil-phosphorus medication is omitted, 
and the low calcium content of the blood is not mentioned. The inhibiting 
result of hypophysis medication on the polyuria of diabetes insipidus is rather 
boldly attributed to an influence on the renal vessels. The hypophysis syndromes 
are treated with great reserve. Some of our endocrinologists might read these 
chapters with much profit. The author justly doubts the existence of any 
thymic syndromes. 

In the chapters on the influence of the sexual glands, the creatin excretion 
of the eunuch is overlooked. It is recognized that not every form of obesity 
can be laid to a uniglandular or a pluriglandular syndrome. The relationship 
of internal secretion to diabetes mellitus is not regarded as sufficiently estab- 
lished for inclusion of this disease in the book. Short discussions of the 
indications of glandular treatment are given, and here also there is room 
for improvement. 
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